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SUMMARY 

An  experimental  investigation  wa*  conducted,  using  the  Phillips  2- 
inch  combustor  operated  under  conditions  simulating  those  in  modern  aircraft 
turbine  engines,  to  determine  the  effects  of  differences  in  JP  fuels  on  flame 
radiance  and  exhaust  emissions.  Five  kerosene -type  fuels,  spanning  the  range 
in  molecular  structure  (normal  paraffins,  isoparaffins,  cycloparaffins,  and 
aromatics),  were  used  in  the  investigation.  Two  programs  were  conducted  to 
evaluate  the  effects  of  fuels  and  operating  variables  on  flame  radiance  and 
exhaust  emissions.  One  program  covered  a  broad  r^nge  of  combustor  pressure, 
inlei  air  temperature,  and  inlet  air  humidity,  with  two  methode  for  introduction 
of  fuel  to  the  combustor  (prevaporised  and  pressure  atomised,  but  wae  limited 
to  a  single  level  of  heat-input  rate.  The  other  program  covered  a  range  of 
heat-input  rates,  but  was  limited  in  range  of  inlet  air  temperature  and 
combustor  pressure. 

Empirical  equations  were  developed  for  each  of  the  five  responses 
(flame  radiance,  nitric  oxide,  nitrogen  oxides,  carbon  monoxide,  and  smoke), 
for  both  programs.  The  measured  values  of  unbymed  hydrocarbons  in  this 
investigation  were  either  zero  or  very  low  and  &  detailed  analysis  of  the  effects 
of  fuels  and  operating  variables  on  unburned  hydrocarbons  was  not  made.  Values 
were  calculated  for  the  responses  of  the  estimated  equations  at  the  extremes -of 
the  ranges  of  the  operating  variables  used  in  developing  the  equations.  These 
data  are  presented  in  graphical  form  to  allow  visual  comparisons  of  the  effects 
of  fuels  and  operating  variables. 

Major  conclusions  drawn  from  the  investigation  are  (a)  where  fuel 
effects  are  shown  an  increase  in  fuel  hydrogen  content  decreases  flame  radiance, 
decreases  amoks  emissions,  decreases  N0X  and  NO  emissions  slightly  and  decreases 
CO  emissions,  (b)  differences  in  performance,  resulting  from  fuel  prevaporization, 
are  variable,  usually  small,  and  not  always  beneficial,  (c)  an  increase  in  Inlet 
air  humidity  decreases  flame  radiance,  decreases  N0X  and  NO  emissions,  increases 
CO  emissions  slightly  where  humidity  has  an  effect,  and  has  no  effect  on  smoke 
emissions,  (d)  an  increase  in  inlet  air  temperature  has  a  variable  effect  on 
flame  radiance,  decreases  smoke,  and  increases  N0X  and  NO  emissions,  (e)  an 
increase  in  combustor  pressure  increases  flame  radiance,  increases  smoke,  and 
increases  NO*,  and  NO  emissions  and  (f)  an  increase  in  heat  input  rate  increases 
flame  radiance,  increases  smoke,  decreases  N0X  and  NO  emissions  at  a  lew  level 
of  humidity,  and  decreases  CO  emissions  except  at  low  inlet  air  temperature 
with  low  inlet  air  humidity. 

"Distribution  Limited  to  U.S.  Government  Agencies  Only  -  Test  and  Evaluation  - 
June  1973.  Other  Requests  for  this  Docunvent  Must  be  Referred  to:  Commanding 
Officer,  Naval  Air  Propulsion  Test  Center,  Trenton,  New  Jersey  08628." 
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PHILLIPS  PETROLEUM  COMPANY 
BARTLESVILLE,  OKLAHOMA 

Final  Report 
For 

Naval  Air  Systems  Command  Contract  N00140-72-C-4528 
EFFECT  OF  PREVAPORIZED  FUEL  ON  COMBUSTOR  PERFORMANCE 
1.  INTRODUCTION 


During  the  period  from  June  19,  1972  t©  March  19,  1973  an  experi¬ 
mental  investigation  was  conducted  by  Phillips  Petroleum  Company  under  Naval 
Air  Systems  Command  Contract  N00140-72-C-4528  to  determine  the  effect  which 
differences  in  JP  fuels  and  operating  variables  can  have  on  flame  radiance 
and  exhaust  emissions  of  nitrogen  oxides,  carbon  monoxide,  unburned  hydro¬ 
carbons,  and  soot. 

It  has  been  proposed  (1,  2)  that  prev&porized  fuel  in  aircraft 
turbine  engines  could  provide  better  mixing  of  fuel  and  air  than  with  pressure 
atomized  fuel  and  result  in  less  emissions  in  the  combustor  exhaust.  A  number 
of  studies  have  been  conducted  by  Phillips  Petroleum  Company  covering  various 
aspects  of  radiation  from  combustion  of  hydrocarbon  fuels  (3,  4,  5,  6,  7)  and 
measurements  of  smoke  emissions  (7).  Experience  gained  during  these  studies 
aided  in  the  design  of  an  experimental  investigation  of  the  effect  of  prevapor¬ 
ized  fuel  on  combustor  performance  (8)  which  was  conducted  under  Naval  Air 
Systems  Command  Contract  N00019-71-C-Q486. 

For  the  primary  program  of  the  previous  investigation  (8)  five  fuels 
were  selected  to  cover  the  range  of  chemical  composition  of  JP-5  fuels. 
Operating  conditions  selectsd  included  feur  levels  of  combustor  pressure,  four 
levels  of  inlet  air  temperature,  three  levels  ef  inlet  air  humidity  and  single 
levels  of  heat  input  rate  and  reference  velocity.  The  combustor  was  operated, 
using  prevaporized  fuel,  with  each  of  five  test  fuels  at  all  combinations  of 
combustor  pressure,  inlet  air  temperature  and  inlet  air  humidity.  Measurements 
were  made  of  flame  radiance  and  exhaust  emissions  of  NO,  N0X,  CO,  C02>  hydro¬ 
carbons  and  smoke.  In  Reference  8  it  was  recommended  that  the  test  program  be 
expanded  to  include  the  use  of  pressure  atomized  fuels  to  maximize  the  effect 
of  differences  in  the  physical  properties  of  the  fuels  and  to  extend  the 
investigation  to  include  additional  levels  of  heat  input  rates  with  both  pre¬ 
vaporized  and  pressure  atomized  fuels. 

Quantities  of  the  earns  five  fuels  used  in  Reference  8  were  available 
and  they  were  used  in  the  current  investigation.  In  Program  1  the  same  48 
combinations  of  operating  variables  were  used  as  in  the  previous  investigation 
(8).  The  remainder  of  the  current  investigation  was  conducted  with  21  combina¬ 
tions  of  combustor  pressure,  inlet  air  temperature,  heat  input  rate  and  inlet 
air  humidity.  The  five  fuels  were  introduced  into  the  combustor  using  both  • 
provaporization  and  pressure  atomization.  By  combining  the  data  obtained  in 
the  current  investigation  with  that  obtained  in  the  previous  investigation  (8) 
direct  comparisons  can  be  made  of  the  effects  of  prsvaporiicd  and  pressure 
atomized  fuels  on  the  various  responses  aea&ured.  The  analysis  of  these  data 
is  presented  in  this  report. 
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2.  CONCLUSIONS 

An  experimental  investigation  was  conducted,  using  the  Phillips  2- 
inch  combustor  operated  under  conditions  simulating  those  in  modern  aircraft 
turbine  engines,  to  determine  the  effects  of  differences  in  JP  fuels  on  flams 
radiance  and  exhaust  emissions  of  nitrogen  oxides,  carbon  monoxide ,  unbumed 
hydrocarbons  and  soot.  Kero sene -type  fuels  spanning  the  range  in  molecular 
structure  (normal  paraffins,  isoparaffins,  cycloparaffins,  and  aromatics) 
were  used  in  the  investigation.  Two  programs  were  conducted  to  provide  an 
evaluation  of  the  effect  of  fuels  and  operating  variables  on  flame  radiance  ■ 
and  exhaust  emissions.  One  program  covered  a.  broad  range  of  combustor  pres¬ 
sure,  inlet  air  temperature,  inlet  air  humidity  and  two  methods  of  introduc¬ 
tion  of  fuel  to  the  combustor  (pre vaporized  and  pressure  atomized)  was  limited 
to  a  single  level  of  heat  input  for  the  five  fuels.  The  other  program  covered 
a  range  of  heat  input  rates  but  was  limited  in  range  for  inlet  air  temperatures 
and  combustor  pressure.  Measured  values  of  unbumed  hydrocarbons  in  this  in¬ 
vestigation  were  either  zero  or  very  low  and  a  detailed  analysis  of  the  effects 
of  fuels  and  operating  variables  on  unbumed  hydrocarbons  was  not  made. 

A  statistical  analysis  of  the  data  was  made  and  on  the  basis  of  the 
statistically  significant  main  effects  and  interactions  empirical  equations  - 
were  developed  for  the  various  responses. 

The  following  conclusions  may  be  drawn  from  the  data: 

A.  Fuel  Effects, 

a.  Where  fuel  effects  a re  shown,  total  radiant  energy  of  the 
flame  decreases  with  an  increase  in  fuel  hydrogen  content. 

b.  At  high  levels  of  heat  input  rate  and  low  levels  of  inlet 
air  temperature,  smoke  emissions  decrease  with  an  increase 
in  fuel  hydrogen  content.  In  the  other  comparisons  the 
level  of  smoke  was  below  the  threshold  of  visibility, 

c.  Fuels,  over  the  range  of  hydrogen  contents  included  in  the 
investigation,  decrease  NGX  and  NO  emissions  slightly  with 
an  increase  in  fuel  hydrogen  content. 

d.  At  a  high  level  of  heat  input  and  a  low  inlet  air  tempera¬ 
ture,  CO  emissions  decrease  with  an  increase  in  fuel  hydrogen 
content.  Fuels  had  no  effect  on  CO  emissions  at  high  inlet 
air  temperatures. 

B.  Comparisons  with  Pre vaporized  and  Pressure  Atomized  Fuels, 

a.  At  high  heat  input  rates  and  high  combustor  pressure,  flame 
radiance  is  less  with  prevaporized  fuel  than  with  pressure 
atomized  fuel  at  high  inlet  air  temperature,  and  is  greater 
with  prevaporized  fuel  at  low  temperature.  At  low  levels  of 
heat  input  flame  radiance  was  less  with  prevaporlzed  fuel. 


2 


Research  m ad  Xtevmlonwct  import  6512*73 


b.  Sack#  optical  density  ie  lees  with  pra vaporized  fuel  than 
with  pres  rare  atomized  fuel,  when  the  level  is  above  the 
threshold  for  visible  smoke. 

c.  Only  small  differences  in  NCX  and  HO  sal salons  are  shown 
between  prs vaporised  and  pressure  atomized  fuel  with 
prevaporlced  fuels  being  the  highest. 

d.  At  a  high  level  of  heat  input  and  low  inlet  air  temperature, 
CO  emissions  are  less  with  prevaporized  fuel.  At  the  lower 
level  of  heat  input,  CO  emissions  are  higher  with  prevapor¬ 
ized  fuel. 

C,  Effect  of  Inlet  Air  Humidity, 

a.  An  increase  in  inlet  air  humidity  decreases  flow  radiance. 

b.  A  change  in  inlet  air  humidity  has  no  statistically  signi¬ 
ficant  effect  on  smoke  emissions. 

c.  An  increase  in  inlet  air  humidity  decreases  R0X  and  HO 
emissions, 

d.  Where  inlet  air  humidity  has  an  effect  on  CO  emissions  the 
effect  ie  to  increase  emissions  with  an  increase  in 
humidity. 

D.  Effect  of  Operating  Variables, 

a.  At  a  high  level  of  heat  input  en  increase  in  inlet  air 
temperature  increases  flame  radiance.  At  a  low  level  of 
heat  input,  flame  radiance  decreases  with  ait  increase  in 
inlet  air  temperature. 

b.  An  increase  in  combustor  pressure  increases  flame  radiance 
by  a  small  amount. 

c.  At  high  combustor  pressure  an  increase  in  inlet  air  temper¬ 
ature  decreases  smoke  emissions  below  the  threshold  for 
visible  smoke,  and  the  rate  of  decrease  is  less  with  pre¬ 
vaporized  fuel  than  with  pressure  atomized  fuel. 

d.  An  increase  in  combustor  pressure  increases  smoke  emissions, 
and  the  rate  of  increase  ie  less  with  prevaporized  fuel. 

e.  An  increase  in  inlet  air  temperature  increases  NO*  and  HO 
emissions  with  the  rate  of  increase  being  greatest  at  high 
pressure. 

f.  An  increase  in  combustor  pressure  increases  HQX  end  HO 
emissions  at  high  temperature,  but  has  only  a  slight  effect 
at  lower  inlet,  air  temperature. 


3 


Research  and  Development  Report  6512-73 


a.  An  increase  in  heat  input  rate  increases  flan®  radiance, 
and  the  rate  of  increase  is  greater  with  prevaporized  -uel. 

h.  An  increase  in  heat  input  rate  over  the  range  of  the  experi¬ 
ment  increases  smoke  optical  density  although  the  level  i3 
below  the  threshold  of  visible  Macke. 


i. 


An  increase  in  heat  input  rate  decreases  N0X  and  NO  emissions 
at  low  levels  of  inlet  air  humidity,  but  has  little  effect  at 
high  levels  of  inlet  air  humidity. 


j.  co  emissions  decrease  with  an  increase  in  heat  input  rate, 
except  at  low  inlet  air  temperature  with  low  inlet  air 
humidity. 


I 
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3.  SSCCaOtESPATIOHS 

It  Is  re co amended  that  additional  data  be  obtained  and  a  further 
study  of  the  data  on  hand  be  made  to  develop  a  relationship  that  will  provide 
a  method  for  correcting  gaseous  emissions  to  a  standard  humidity  level. 
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4 .  RESULTS  AND  DISCUSSION 

The  objectives  of  this  experimental  investigation  were  to  determine 
the  effects  which  differences  in  J?  fuels  and  operating  variables  have  on  flame 
radiance  and  exhaust  emissions  of  nitrogen  oxides,  carbon  monoxide  , unturned 
hydrocarbon,  and  soot.  Additional  objectives  were  to  evaluate  the  effect  of 
method  of  introduction  of  fuel  into  the  combustor  on  flame  radiance  and  exhaust 
emissions  by  the  use  of  prevaporization  and  pressure  atomization  of  the  fuels. 
This  also  provided  an  evaluation  of  the  effect  of  physical  properties  of  fuels 
on  flarae  radiance  and  exhaust  emissions.  Five  kerosene-type  fuels  were  selected 
to  span  the  allowable  range  in  molecular  structure:  including  normal  paraffins, 
isoparaffins,  cycloparaffins  and  aromatics.  Inlet  air  humidity  was  included 
as  an  operating  variable  in  the  investigation. 

Two  programs  were  included  in  this  investigation: 

Program  1  was  an  extension  of  the  study  conducted  in  the 
previous  investigation  (8)  at  four  levels  of  combustor 
pressure,  four  levels  of  inlet  air  temperature,  three 
levels  of  inlet  air  humidity  and  single  levels  of  heat  input 
rate  and  reference  velocity  with  the  current  investigation 
conducted  with  pressure  atomized  rather  than  prevaporized 
fuels. 

The  remainder  of  the  investigation  (Program  2}  consisted 
of  21  points  as  shown  in  Table  5  with  both  prevaporized 
and  pressure  atomized  fuels  to  evaluate  the  effect  of 
heat  input  rate  as  an  operating  variable  on  flame  radiance 
and  exhaust  emissions. 

Detailed  data  obtained  during  the  current  investigation  are  pre¬ 
sented  in  Appendix  2  (Section  8.).  The  data  obtained  with  prevaporized  fuels 
at  the  48  combinations  of  operating  conditions  used  in  Program  1  are  presented 
in  Tables  16,  17,  and  19  of  Reference  8  and  have  been  combined  with  the  data 
obtained  during  the  current  investigation  to  permit  an  evaluation  of  the 
effect  of  the  method  of  introduction  of  fuel  into  the  combustor  on  flarae 
radiance  and  exhaust  emissions.  Analysis  of  variance  techniques  were  used  to 
examine  the  data  for  flame  radiance,  smoke  emissions,  N0X,  NO,  and  CO  emis¬ 
sions  for  various  combinations  of  operating  variables.  Values  for  unburned 
hydrocarbons  were  either  zero  or  very  low  for  most  of  the  test  points  and 
detailed  analyses  of  the  data  were  not  made-  Analysis  of  Variance  of  data 
for  the  various  responses  indicate  numerous  interactions  and  point  by  point 
comparisons  of  data  for  each  response  would  be  required  for  a  rigorous  statis¬ 
tical  analysis.  Such  an  analysis  would  be  very  lengthy  and  tedious.  Empirical 
equations  were  developed  for  each  response  on  the  basis  of  statistically 
significant  main  effects  and  interactions.  Since  fuels  interacted  with  other 
variables  empirical  equations  were  developed  for  each  of  the  five  fuels  for 
each  of  the  responses  rather  than  trying  to  include  the  fuels  in  a  single 
equation. 


Two  equations  were  developed  for  each  response  with  one  set  of 
equations  based  on  the  data  from  Program  1  and  the  other  set  of  equations 
based  or  data  from  the  small  program  to  evaluate  the  effect  of  heat  input  rate. 
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Program  1  consisted  of  a  balanced  4x4x3  *2  program  with  four 
levels  of  combustor  pressure  from  7.5  to  15.0  atmospheres,  four  levels  of 
inlet  air  temperature  fro®  400  to  1000  F,  three  levels  of  inlet  air  humidity 
from  0-002  to  0.04 2  pounds  of  water  per  pound  of  dry  air  and  two  methods  of 
introduction  of  fuel  to  the  combustor  (prevaporized  and  pressure  atomised). 

The  portion  of  the  data  with  prevaporissed  fuels  was  obtained  during  the  pre¬ 
vious  investigation  (8). 

Equations  for  the  small  program  were  baaed  on  selected  data  from  tbs 
current  investigation  and  the  previous  investigation  (8)  to  provide  a  balanced 
program  to  evaluate  the  effect  of  heat  input  rate  on  the  various  responses. 

The  program  selected  was  a2x2x2x2x3  program  with  two  levels  of  inlet 
air  temperature  of  600  and  300  F,  two  levels  of  combustor  pressure  of  10.0  and 
12.5  atmospheres,  two  levels  of  heat  input  rate  of  150  and  300  Btu  per  pound 
of  air,  two  methods  of  introduction  of  fuel  to  the  combustor  (pare vaporized 
end  pressure  atomized),  and  three  levels  of  inlet  air  humidity  cf  0.002  ,  0.022, 
and  0.042  pounds  of  water  per  pound  of  dry  air.  Data  with  a  heat  input  of 
300  Btu  per  pound  of  air  and  with  prevaporized  fuel  were  obtained  from  the 
previous  investigation  (8). 

With  the  wise  range  and  multiple  levels  of  the  variables  in  Program 
1  the  equations  developed  provide  batter  estimates  (at  fixed  heat  input)  of 
the  values  of  the  responses  covered  than  the  equations  developed  for  the  small 
program.  While  the  equations  for  the  small  program  provide  information  as  to 
the  effect  of  heat  input  on  flame  radiance  and  exhaust  emissions  interactions 
of  heat  input  with  other  variables  complicate s  some  of  the  relationships. 

The  estimated  equation*  for  the  two  programs  and  the  five  responses 
are  shown  in  Tables  18  to  27  of  Appendix  3  (Section  9.).  A  primary  objective 
of  the  investigation  was  to  evaluate  the  effects  of  fuels  on  flame  radiance 
and  exhaust  emissions  over  a  wide  range  of  operating  conditions.  Values  of 
the  responses  for  each  equation  were  calculated  at  the  extremes  of  the  ranges 
of  the  operating  variables  used  in  developing  the  empirical  equations  and  the 
data  generated  are  presented  graphically  in  Figures  13  to  61  in  Appendix  3 
(Section  9.).  These  figures  provide  visual  comparisons  of  the  effects  of 
fuels  and  operating  variables  on  flame  radiance  and  exhaust  emissions.  The 
information  presented  on  the  figures  is  discussed  in  detail  in  Appendix  3  and 
the  data  are  summarized  in  the  following  paragraphs. 

4.1.  Fuel  Effects 


In  all  graphical  comparisons  of  the  effects  of  fuels  on  flame 
radiance  and  exhaust  emissions  the  fuels  have  been  listed  in  the  order  of 
increasing  fuel  hydrogen  content .  The  range  of  fuel  hydrogen  contents 
covered  was  from  13. 8  per  cent  for  Fuel  D  to  15.5  per  cent  for  Fuel  E. 

The  magnitude  of  the  calculated  values  of  total  radiant  energy  vary 
with  levels  of  combustor  pressure,  inlet  air  temperature,  inlet  air  humidity, 
and  heat  input  rate;  however,  where  fuel  effects  were  shown  values  of  total 
radiant  energy  decreased  with  ar.  increase  in  fuel  hydrogen  content. 

At  high  levels  of  heat  input  and  low  levels  of  inlet  air  temperature 
smoke  emissions  decrease  with  an  increase  in  fuel  hydrogen  content.  At  low 
levels  of  heat  input  or  high  levels  of  inlet  air  temperature  the  level  of 
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smoke  amissions  was  below  the  threshold  of  visible  smoke  (0.200  optical  density) 
and  fuels  had  very  little  effect  on  the  level  of  moke  emissions. 

Differences  in  fuels  had  very  little  effect  on  NO  are!  NO  emissions; 
however,  where  small  differences  are  shown  emissions  are  reduced  with  an  in¬ 
crease  in  fuel  hydrogen  content. 

At  the  high  level  of  heat  input  and  an  inlet  air  temperature  of  400 
F  00  emissions  decreased  with  an  increase  in  fuel  hydrogen  content.  Fuels 
have  no  appreciable  effect  on  CO  emissions  at  higher  inlet  air  temperatures. 

4,2.  Effect  of  Method  of  Fuel  Introduction  to  Combustor 

At  high  heat  input  rate  and  high  combustor  pressure  total  radiant 
energy  is  greater  with  pressure  atomized  fuel  than  with  prevaporized  fuel  at 
1000  F  and  less  than  with  prevaporized  fuel  at  an  inlet  air  temperature  of 
400  F.  This  reversal  may  be  due  to  poor  vaporization  of  the  fuel  at  the  high 
pressure  low  temperature  conditions  which  may  have  moved  the  zone  of  maximum 
intensity  of  radiation  down  stream  away  from  the  area  of  measurement.  At  the 
low  level  of  heat  input  total  radiant  energy  was  greater  with  pressure  atomized 
fuel  than  with  prevaporized  fuel  at  all  combinations  of  operating  conditions 
evaluated. 


At  the  high  level  of  heat  input  smoke  optical  density  was  greater  with 
pressure  atomized  fuel  than  with  prevaporized  fuel  at  the  high  pressure-low 
temperature  combination  of  operating  conditions.  Smoke  optical  density  was 
also  higher  with  pressure  atomized  fuel  at  the  low  temperature-low  pressure 
combi nation  of  operating  conditions  with  Fuel  D  which  has  the  lowest  fuel 
hydrogen  content.  In  the  remaining  comparisons  the  smoke  optical  density  was 
below  the  threshold  of  visible  smoke. 

The  effect  of  differences  in  the  method  of  fuel  introduction  on  N0X 
and  NO  are  minor  with  pressure  atomization  of  fuel  providing  a  small  reduction 
over  the  levels  of  emissions  with  prevaporized  fuels.  Under  the  conditions  of 
this  investigation  prsvaporization  of  the  fuel  did  not  provide  the  reduction 
in  NOjj.  emissions  predicted. 

At  high  levels  of  heat  input  and  an  inlet  air  temperature  of  400  F 
CO  emissions,  with  one  exception  were  greater  with  pressure  atomized  fuel  than 
with  prevaporized  fuel.  With  the  lower  level  of  heat  input  CO  emissions  were 
lower  with  pressure  atomized  fuel  than  with  pre vaporized  fuel, 

4.3 .  Effect  of  Inlet  Air  Humidity 

With  one  exception,  an  increase  in  inlet  air  humidity  from  0,002 
to  0,042  pounds  of  water  per  pound  of  dry  air  decreased  total  radiant  energy. 

No  statistically  significant  effect  of  inlet  air  humidity  on  smoke 
emissions  was  found  with  any  of  the  five  fuels. 

An  increase  in  inlet  air  humidity  from  0.002  to  0,042  pounds  of 
water  per  pound  of  dry  air  decreased  NQX  and  NO  emissions  The  decrease  in 
emissions  varied  with  fuels  and  operating  variables  with  the  magnitude  of  the 
decrease  being  from  6  to  9  pounds  of  N0X  per  1000  pounds  of  fuel.  The  range 
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in  humidities  is  from  10  per  cent  relative  humidity  to  100  per  cent  relative 
humidity  at  100  F,  This  range  in  humidities  could  be  encountered  with  sea¬ 
sonal  and  geographic  changes  and  span  the  75  grains  of  water  per  pound  of  dry 
air  that  the  Environmental  Protection  Agency  is  recommending  as  a  standard 
humidity.  It  is  apparent  that  inlet  air  humidity  is  an  important  factor  in 
ROjt  emissions;  however,  additional  data  are  needed  to  provide  a  single 
correction  factor  for  adjusting  the  level  of  MQX  emissions  to  a  fixed  level. 

At  the  high  level  of  heat  input  the  effect  of  an  increase  in  inlet 
air  humidity  on  CO  emissions  was  small  and  inconsistent  although  there  waa 
a  (mall  increase  in  CO  emissions  with  an  increase  in  humidity  in  most  of  the 
comparisons.  In  the  email  program  over  a  narrow  range  of  pressures  CO  emis¬ 
sions  increased  with  an  increase  in  inlet  air  humidity  and  the  rate  of  increase 
was  greater  at  a  heat  input  rate  of  150  than  at  300  Btu  per  pound  of  air. 

6.4.  Effect  of  Operating  Variables 

Comparissns  of  the  effects  of  inlet  air  temperature,  combustor 
pressure,  and  heat  input  rate  on  total  radiant  energy  and  exhaust  emissions 
were  confined  to  Fuel  A  which  was  a  typical  production  JF-5. 

At  the  high  level  of  heat  input  an  increase  in  inlet  air  temperature 
from  400  to  1000  F  increased  total  radiant  energy  and  the  rate  of  increase 
waa  greater  with  pressure  atomised  fuel  than  with  pr« vaporized  fuel.  At  the 
low  level  of  heat  input  total  radiant  energy  decreased  with  mi  increase  in 
inlet  air  temperature  frcsn  6C0  to  800  F.  An  increase  in  combustor  pressure 
from  7.5  to  15.0  atmospheres  increased  total  radiant  energy  and  the  rate  of 
Increase  wan  greater  with  pressure  eternized  fuel  than  with  pre vaporized  fuel. 

An  increase  in  combustor  pressure  from  10.0  to  12.5  atmospheres  in  the  email 
program  resulted  in  a  small  increase  in  total  radiant  energy. 

In  comparisons  of  smoke  optical  density  at  15.0  atmospheres  combus¬ 
tor  pressure  an  increase  in  inlet  air  temperature  from  400  to  1000  F  decreased 
smoke  to  below  the  threshold  for  visible  smoke.  The  rate  of  decrease  was 
greater  with  pressure  atomized  fuel  than  with  prevaporized  fuel.  In  other 
comparisons  the  level  of  smoke  was  below  the  threshold  for  visible  smoke .  An 
increase  in  combustor  pressure  from  7.5  to  15-0  atmospheres  increased  smoke 
optical  density  at  the  low  temperature  conditions  and  the  rate  of  increase  in 
smoke  was  greater  with  pressure  atomized  fuel  than  with  prevaporized  fuel. 

An  increase  in  inlet  air  temperature  increased  N0X  a nd  NO  emissions 
with  the  rates  of  increase  being  greater  at  the  higher  pressure.  Increasing 
combustor  pressure  increased  N0X  and  NO  emissions  at  high  temperature  but  had 
only  a  slight  effect  on  emissions  at  the  lower  inlet  air  temperature . 

An  increase  in  inlet  air  temperature  decreased  CO  emissions  although 
the  rate  of  charge  varied  with  operating  conditions.  An  increase  in  combustor 
pressure  at  high  temperature  had  only  a  small  effect  on  CO  emissions.  At  the 
low  temperature  conditions  CO  emissions  decreased  with  in  increase  in  praswre 
with  prevaporized  fuel  and  decreased  and  then  increased  with  pressure  atomized 
fuel.  This  may  indicate  that  fuel  vaporization  and  combustion,  at  the  low  inlet 
air  temper at ure  and  high  combustor  pressure  were  poor  and  resulted  in  incomplete 
combustion. 
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An  increase  in  heat  input  rate  from  150  to  300  Btu  per  pound  of  air 
increased  total  radiant  energy.  The  rate  of  increase  was  less  with  pressure 
atomized  than  with  prevaporized  fuels.  An  increase  in  heat  input  over  the 
range  of  the  experiment  increased  smoke  optical  density  although  the  level  of 
smoke  was  below  the  threshold  for  visible  smoke.  An  increase  in  heat  input 
rate  decreased  NGX  and  NO  emissions  at  low  levels  of  inlet  air  humidity  but 
had  only  a  small  effect  at  high  levels  of  inlet  air  humidity.  CO  emissions 
were  decreased  with  an  increase  in  heat  input  except  at  low  inlet  air  tem¬ 
perature  with  lew  inlet  air  humidity. 


10 


Research  sad  Development  Report  6512-73 


5,  ACKNOWIEDGEMENTS 

This  work  was  administered  under  the  direction  of  Larry  Maggitti, 
Fuels  Division,  Naval  Air  Propulsion  Test  Center,  Naval  Air  Systems  Command, 
Department  of  the  Navy.  The  author  expresses  appreciation  to  E.  H.  Fromm, 
who  provided  assistance  in  test  equipment  calibration  and  operation;  M.  R. 
Goss  and  I#rm  Jones,  who  provided  statistical  analysis  of  the  data;  and  R.  M. 
Schirmer  for  guidance. 


.1 


Research  &r.d  Development  Report  6512-73 


6.  REFERENCES 

1.  Kollrack,  R.  and  Aceto,  L.  D.,  "Nitric  Oxide  Formation  in  Gas  Turbine 
Combustors."  AIM  Journal,  Vol.  11,  No.  5,  Nay  1973,  pp.  664-669. 

2.  Jones,  Robert  E.  and  Grobman,  Jack,  "Design  and  Evaluation  of  Combustors 
for  Reducing  Aircraft  Engine  Pollution."  NASA  TK  X-68192,  Lewis  Research 
Center,  Cleveland,  Ohio,  April  1973,  18  PP- 

3.  Schirmer,  R.  M,  and  Killer,  E.  C.,  "Radiation  from  Jet  Combustor  Flames." 
Symposium  on  Characteristics  of  Flames  and  of  Gaseous  and  Liquid  Fuels, 
Sponsored  by  Division  of  Gas  and  Fuel  Chemistry  of  the  American  Chemical 
Society,  Urbana,  May  1958. 

4.  Schirmer,  R.  M.,  McReynolds,  L.  A.  and  Daley,  J.  A.,  "Radiation  from 
Flames  in  Gas  Turbine  Combustor."  SAE  Transactions,  Vol.  68,  I960, 
pp.  554-561. 

5.  Schirmer,  R.  M.,  "Measurement  of  Total  Radiant  Energy  from  Jet  Combustor 
Flames."  Paper  379”  presented  at  SAE  Summer  Meeting,  St.  Louis,  June  1961. 

6.  Schirmer,  R.  M.  and  Quigg,  H.  T. ,  "High  Pressure  Combustor  Studies  as 
Related  to  Hydrocarbon  Structure."  Progress  Report  No.  3  for  Bureau  of 
Naval  Weapons  Contract  NOw  64-0443 -d.  Phillips  Petroleum  Company, 
Bartlesville,  Oklahoma,  May  1965,  109  pp. 

7.  Bagnetto,  L.  and  Schirmer,  R.  M. ,  "Smoke  Abatement  in  Gas-Turbines," 

Part  I:  Survey  of  Operating  Variables.  Progress  Report  No.  1,  Naval 
Aeronautical  Engine  Department  Contract  No,  1100156-67-0-2351.  Phillips 
Petroleum  Company,  Bartlesville,  Oklahoma,  January  1968,  119  PP. 

8.  Quigg,  H.  T.,  "Effect  of  Prevaporized  JP-5  Fuel  on  Combustor  Performance." 
Final  Report  for  Naval  Air  Systems  Command  Contract  N00019-71-C-0486 . 
Phillips  Petroleum  Company,  Bartlesville,  Oklahoma,  October  1972,  144  pp. 

9-  Fromm,  E.  H.,  "Design  and  Calibration  of  the  Improved  Phillips  Jet  Fuel 
Testing  Facilities,"  Phillips  Petroleum  Company,  Bartlesville,  Oklahoma, 
June  1963,  55  PP. 

10.  "Procedure  for  the  Continuous  Sampling  and  Measurement  of  Gaseous  Emissions 
From  Aircraft  Turbine  Engines,"  Aerospace  Recommended  Practice  ARP  1256, 
Society  of  Automotive  Engineers,  Inc.,  New  York,  October  1,  1971. 

11.  Baker,  H.  D.,  Ryder,  E.  A.  and  Baker,  N.  H.,  "Temperature  Measurement 
in  Engineering."  Volume  II,  pp.  77-78.  John  Wiley  &  Sons,  Inc.,  New 
York,  1961. 

12.  Dike,  P.  H. ,  "Temperature  Measurements  with  Rayotubes."  Leeds  and 
Northrup  Company,  Philadelphia,  1953. 


12 


Research  and  Development  Report  6512-73 

Appendix  1 


7.  APPENDIX  1 
(Equipment  and  Procedures) 


13 


Research  and  Development  Report  6512-73 

Appendix  1 


7.  APPENDIX  1 
(Equipment  and  Procedures) 


7.1.  Test  Facility 

Phillips  research  facility  for  testing  fuels  for  gas  turbine  engines, 
pictured  in  part  in  Figure  1,  has  been  described  in  detail  by  From  (9).  Air 
is  supplied  by  rotary  Fuller  compressors  and  filtered  by  a  Selas  Vape-Sorber, 
both  of  which  can  be  seen  in  the  foreground.  This  air  is  preheated  just  before 
it  enters  the  2-lnch  combustor  test-way  by  a  Thermal  Research  heat  exchanger. 
Fuel  and  water  (when  used  to  control  humidity  of  the  combustor  air)  are 
supplied  by  nitrogen  pressurization  of  their  respective  tanks.  A  portion  of 
the  metering  and  automatic  control  equipment  can  be  seen  in  Figure  2.  In 
experiments  with  prevaporized  fuel,  the  fuel  is  heated  in  a  hot-gas  heat 
exchanger  Just  before  injection  into  the  2-inch  combustor  test-way.  Air  flow 
rates  up  to  2.0  pounds  per  second,  at  inlet  air  pressures  up  to  15  atmospheres, 
and  inlet  air  temperatures  up  to  1400  F  are  attainable. 

7.2.  Phillips  2-Inch  Combustor 


Two  configurations  of  the  Phillips  2-inch  combustor  were  used  during 
various  phases  of  this  experimental  investigation.  A  scale  diagram  of  the 
normal  2-inch  combustor  for  use  with  atomized  fuel  is  shown  in  Figure  3.  Dia¬ 
grams  of  the  combustor  doraaB  used  are  shown  in  Figure  4.  Dome  XIX  provides 
for  the  introduction  of  a  stream  of  pressure  atomized  fuel  with  a  tangential 
flow  of  air  and  Dome  X  provides  for  introduction  of  prevaporized  fuel  with  a 
tangential  flow  of  air.  Design  details  for  the  combustors  used  with  pressure 
atomized  and  prevaporized  fuels  are  shown  in  Table  1.  Basically,  the  combus¬ 
tors  embody  the  principal  features  used  in  modern  aircraft-turbine  engines. 

They  are  straight-through,  can-type  combustors  with  fuel  atomized  by  a  single 
airaplex-type  nozzle  or  introduced  as  a  vapor  through  a  tube  into  the  air 
stream.  The  combustor  liners  were  fabricated  from  2-inch  Schedule  40, 

Inconel  pipe,  with  added  internal  deflector  skirts  for  film  cooling  of  surfaces 
exposed  to  the  flame. 

The  combustors  were  equipped  with  sapphire  windows  aligned  with  the 
primary  and  secondary  air  Inlet  holes  of  the  flame  tube  as  shown  in  Figure  3. 
This  permitted  transmission  of  radiant  energy  in  the  infrared  spectral  region 
out  to  five  microns  to  avoid  cut-off  of  significant  radiation  from  flames,  as 
recommended  in  Reference  5. 

The  design  of  the  test-way  permitted  easy  access  to  the  combustor, 
instrumentation,  exhaust  sample  probe,  and  sapphire  windows.  The  combustor 
was  Inspected,  cleaned  and  reconditioned  at  frequent  intervals  during  the 
experimental  investigation. 

Four  chromsl-alumel  thermocouples  were  mounted  on  equal  area  centers 
at  the  location  indicated  in  Figure  5,  to  measure  exhaust  gas  temperature.  All 
thermocouples  were  housed  in  ^-inch  diameter  Inconel  sheaths  for  protection. 

The  exhaust  section  was  jacketed  with  water  to  increase  durability  for  opera¬ 
tion  with  high  temperature  gases.  Figure  5  shows  the  location  of  the  cascade 
holder  for  six  metal  strips  used  to  simulate  a  turbine  rj t  the  combustor  outlet 
and  promote  thorough  mixing  of  the  exhaust  gases  prior  to  sampling.  The 
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location  of  the  exhaust  gas  sample  probe  is  shown  in  Figure  5. 

The  Aerospace  Recommended  Practice  (ARP  1256)  of  the  Society  of 
Automotive  Engineers  (10)  recommends  the  use  of  a  .mixing  probe  with  a  minimum 
of  twelve  sampling  points.  The  exhaust  gas  sampling  probe  used  in  this  exper¬ 
imental-program  conformed  to  the  SAE  ARP  1256. 

7.3.  Flams  Radiation  Detector 

A  Leeds  and  Northrup  No.  8890  double -mirror  Rayotube  was  employed 
together  with  a  LeedB  and  Northrup  Speedom&x  Type  G  potentiometric  recorder  to 
measure  total  radiant  energy  from  flames.  This  Rayotube  has  a  "total  radia¬ 
tion"  thermocouple-type  detector,  and  was  modified  by  the  use  of  a  sapphire 
’•■indow  to  allow  transmission  of  significant  flame  radiation  out  to  a  wavelength 
of  five  microns,  as  recommended  by  Schirmer  (5). 

This  Rayotube  contained  an  internal  shunt  to  compensate  for  its  tem¬ 
perature  coefficient.  In  addition,  it  was  protected  by  the  use  of  an  air 
coded  jacket,  which  served  to  minimize  error  caused  by  transient  change.*  in 
teat  cell  temperature  and  stabilized  the  Rayotube  housing  well  below  its 
maximum  allowable  level  of  300  F. 

The  Rayotube  was  positioned,  as  indicated  in  Figure  5,  to  measure 
flame  radiance  from  a  transverse  location  across  the  combustor.  It  was  mounted 
on  a  traversing  bracket  which  allowed  for  positioning  by  remote  control  from 
outside  the  test  cell  during  operation  of  the  combustor  at  high  pressure  and 
temperature.  This  made  it  possible  to  change  the  point  of  observation  of  the 
flame  from  the  primary  air-inlet  holes  (Station  Ho.  1)  to  the  secondary  air- 
inlet  holes  (Station  No.  2)  in  the  combustor,  without  interruption  of  the  test. 
Movement  of  the  Rayotube  position  could  introduce  an  alignment  error.  In  a 
previous  study  with  atomized  fuel  (6)  it  was  found  that  with  the  chosen  oper¬ 
ating  conditions  the  location  of  the  maximum  flame  radiance  would  remain  in  the 
primary  combustion  zone  (Station  No.  1).  In  the  previous  study  with  prevapor¬ 
ized  fuel  (8)  it  was  found  that  over  the  range  of  conditions  investigated  the 
maximum  flame  radiance  would  remain  in  the  secondary  combustion  zone  (Station 
No.  2).  Thus  in  the  current  investigation  measurements  of  flame  radiance  were 
made  at  Station  No.  1  for  tests  with  pressure  atomized  fuel  and  at  Station  No. 

2  for  prevaporized  fuels. 

The  apparatus  used  for  the  calibration  of  the  Rayotube  at  tempera¬ 
tures  up  to  2250  F  is  shown  in  Figure  6.  The  black  body  target  was  designed 
in  accordance  with  Reference  11  to  insure  a  uniform  emissivity  approaching 
one.  The  target  was  enclosed  in  a  muffle  furnace,  controlled  at  the  desired 
temperatures.  These  were  measured  by  means  of  a  chroma 1-alumel  thermocouple 
and  a  Brown  potentiometer,  and  were  checked  by  use  of  a  Leeds  and  Northrup 
optical  pyrometer.  The  Rayotube,  with  the  sapphire  window  in  place  to  simulate 
that  of  the  combustor,  was  focused  on  the  black  body  target,  the  opening  of 
which  simulated  that  in  tho  flame  tube.  The  generated  emf  at  the  controlled 
temperatures  was  recorded  by  the  Speedomax  for  development  of  the  temperature- 
nillivoltage  calibration. 

For  calibration  at  temperatures  from  1900  to  3000  F,  a  Remmay  gas 
fired  furnace  with  a  high  alumina  (90  per  cent)  refractory  lining  was  used. 

The  furnace  cavity  was  assumed  to  be  black  body.  The  Rayotube,  with  the 


15 


Re  Be  arch  and  Development  Report  6512-73 

Appendix  1 


sapphire  window  in  place,  was  positioned  to  view  the  one  cubic  foot  cavity 
through  a  2-inch  diameter  port.  In  this  case  the  temperature  of  the  cavity 
was  measured  with  a  Leeds  and  Northrup  optical  pyrometer. 

The  calibration  data  for  the  Rayotube  used  during  this  study  are 
given  in  Table  2  and  are  plotted  in  Figure  7.  The  initial  calibration  was 
made  during  the  investigation  reported  in  Reference  6  and  a  check  calibration 
was  made  immediately  prior  to  the  study  under  the  contract  recently  completed 
(3).  Mo  significant  change  in  calibration  was  indicated  by  the  data  and  the 
calibration  was  used  in  the  current  study. 

The  following  equation  was  developed  from  the  initial  calibration 
data  in  Table  2,  relating  millivoltage  (mv)  and  temperature  (T)  in  degrees 
Rankine . 


log  mv  «  -14.9906  +  4-5793  log  T 

This  equation  is  of  the  expected  form  (12)  and  was  used  in  calculating  the 
relationship  between  recorder  scale  reading  (mv)  and  total  radiant  energy  (W) 
from  the  Stefan-Boltman  Law. 

W  »  1.797  x  1CT8  T4, 

where:  V/  =  radiant  energy  flux  per  unit  area,  Btu/f t2/hr , 

T  =  absolute  temperature  of  source  in  degrees  Kelvin,  and 
1.797  x  10-8  =  Stefan-Boltzman  Constant,  Btu/ ft  2/ deg  y  hr . 

The  resulting  calibration  curves,  made  for  Speedomax  recorder  compensator 
settings  of  10  and  30  to  increase  accuracy  in  covering  the  range  in  total 
radiant  energy  of  interest,  are  shown  in  Figures  8  and  9,  respectively.  A 
Speedomax  recorder  compensator  setting  of  10  was  used  when  measuring  flame 
radiation  .intensities  in  the  15,000  to  150,000  Btu/ft^/hr  range,  and  increased 
to  30  for  measurement  of  intensities  up  to  400,000  Btu/ft^/hr. 

7.4.  Measurement  of  Emissions 


7.4.1.  Exhaust  Smoke  Measurement 


A  Von  Brand  smokemeter  was  used  in  this  investigation  to  measure 
smoke  in  the  combustor  exhaust.  This  meter,  which  is  pictured  in  Figure  10, 
was  equipped  with  a  vacuum  pump,  Whatman  No.  4  filter-tape,  2-inch  per  minute 
tape  drive,  and  a  1-inch  smoke  trace  aperature  in  a  heated  filter  head.  A 
portion  of  exhaust  gas  was  passed  through  a  heated  line  to  a  vented  50O-ml 
flask  and  samples  were  removed  by  vacuum  through  the  heated  filter-head  to  the 
moving  filter  tape.  Samples  were  obtained  with  a  pressure  drop  of  five  inches 
of  mercury  across  the  filter  tape. 

The  relative  degree  of  '’blackness"  or  density  of  the  respective  Von 
Brand  filter  tapes  were  measured  with  a  Welch  Densichron  and  an  associated 
Relfection  Density  Unit.  The  Densichron  was  calibrated  with  a  Welch  Gray  Scale 
based  on  MgO  =  100!?  reflectance  or  0,000  Optical  Density.  The  meter  scale  of 
the  Densichron  may  be  read  in  terms  of  per  cent  Reflectance  or  Optical  Density. 
The  Reflectance  scale  is  linear  and  the  Optical  Density  scale  is  logarithmic. 
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On  the  baeie  of  previous  studies  (7),  smoke  evaluations  in  these  studies  were 
recorded  in  terms  of  Optical  Density. 

7.4.2.  Exhaust  Sample  System 

A  sampling  system  conforming  to  Society  of  Automotive  Engineers  ARP 
1256  (10)  was  used  to  obtain  samples  of  exhaust  gas  from  the  combustor.  This 
system  provided  close  control  of  temperature  of  the  exhaust  gas  sample  and 
provided  a  minimum  of  residence  time  for  the  gas  in  the  system.  As  recoimaend- 
ed,  the  system  included  a  twelve-point  mixing  probe  to  obtain  a  representative 
sample  of  the  gas  across  the  combustor  exit.  A  schematic  of  the  sample  system 
is  shown  in  Figure  11. 

7.4.3.  Measurement  of  CO.  NO.  NtX-.  HC  and  COo 

The  following  instruments  for  continuous  monitoring  of  gaseous  emis¬ 
sions  from  the  combustor  were  used  during  this  investigation. 

A.  Beckman  Model  402,  High  Temperature,  I- lame  Ionization,  Total 
Hydrocarbon,  Continuous  Analyzer. 

O-lO/O-lOO/O-l, 000/0-10,000  ppm  Carbon  (Propane  in  Air). 

B.  Thermo  Electron  Model  10A,  Chemiluminescent,  Self-Contained, 
Continuous  Analyzer. 

0-10/0-25/0-100/0-250/0-1,000/0-2,500/0-10,000  ppm  NO-NOX. 

C.  Beckman  Model  315BL,  N on-Dispersive  Infrared,  Continuous 

An  ql  yyp  j*  # 

0-100/0-200/0-500  and  0-1,000/0-2,000/0-5,000  ppm  CO. 

D.  Beckman  Model  315  B,  N on-Dispersive  Infrared,  Continuous 
Analyzer. 

0-6,000/0-30,000/0-150,000  ppm  C02. 

A  Texas  Instruments  Servo/ltiter  II,  4-channel  recorder  was  used  to  record  the 
data  from  these  instruments.  A  view  of  these  instruments  is  shown  in  Figure 
12. 


At  each  test  point  the  exhaust  emissions  were  monitored  for  five 
minutes  after  stabilization  of  the  combustor.  Five  minute  traces  were  made  of 
CO,  CO^  and  hydrocarbon  emission  measurements  and  2j  minute  traces  of  NO  and 
N0X  emission  data  were  obtained. 

7.4*4.  Calculation  of  Emissions 


The  measurements  of  pollutant  concentration  in  the  exhaust  gas  from 
an  engine  have  no  real  meaning  when  comparing  a  gas  turbine  with  other  power- 
plants.  Overall,  ths  gas  turbine  operates  with  fuel-lean  mixtures;  thus,  the 
emission  levels  of  pollutants  are  reduced  simply  by  dilution  with  air.  To 
provide  a  uniform  basis  for  comparison  of  emission  levels,  the  measured  con¬ 
centrations  of  emissions  were  transformed  to  emission  rates  on  the  basis  of 
pounds  of  pollutant  per  hour  or  Emission  Index  based  on  a  weight  of  fuel 
burned. 
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The  SAE  ARP  1256  {3.0 )  provides  a  guide  for  sampling,  measuring  and 
expressing  gaseous  emissions  from  gas  turbine  combustors.  In  ARP  1256  it  is 
recommended  that  measurements  of  NO  as  wall  as  N0X  be  obtained.  Also  it  is 
recommended  that  emission  rates  on  the  basis  of  pounds  of  pollutant  per  hour 
as  well  aB  Emission  Index  based  on  weight  of  fuel  burned  be  calculated.  The 
equations  in  ARP  1256  are  based  upon  concentrations  of  CD,  CO2  and  hydro¬ 
carbons  in  the  exhaust  gas  and  upon  the  hydrogen-carbon  ratio  of  the  fuel  used. 
Nitrogen  dilution  of  the  exhaust  gas  sample  stream  was  used  to  prevent  con¬ 
densation  of  water  in  the  system.  Mass  emissions  on  a  pounds  per  hour  basis 
are  pertinent  to  only  the  particular  engine  or  combustor  from  which  they  were 
obtained  while  Emission  Index  values  provide  information  that  can  be  adjusted 
for  engine  or  combustor  size.  Mass  emissions  have  been  calculated  and  are 
reported  but  haw  not  been  used  in  comparisons. 


7.5. 


A  previous  investigation  (8)  wa6  conducted  to  evaluate  the  effects 
of  fuel  and  operating  variables  on  flame  radiance  and  exhaust  emissions  from 
a  combustor  operated  with  prevaporized  fuels  to  minimize  the  effect  of  dif¬ 
ferences  in  physical  properties  of  the  fuels.  The  current  experimental 
investigation  was  designed  to  include  the  effect  of  physical  properties  of  the 
tea1-  fuels  on  flame  radiance  and  exhaust  emissions  from  a  combustor  and  to 
include  heat  input  rate  aa  one  of  the  operating  variables.  The  effect  of 
physical  properties  of  the  test  fuels  were  minimized  and  maximized  by  the  use 
of  prevaporized  and  pressure  atomized  fuel  introduction  into  the  combustor. 

Five  test  fuels,  representing  a  wide  range  of  compositions,  were 
used  in  the  previous  program  (8).  Additional  quantities  of  the  fuels  were 
available  and  were  used  in  the  current  program  to  permit  consolidation  of  the 
data  obtained  with  that  obtained  in  the  previous  program.  Pertinent  physical 
and  chemical  properties  of  the  fuels  are  shown  in  Table  3. 

The  test  facility  used  in  this  investigation  is  described  in  Section 
7.1.  of  this  report  and  the  design  details  of  the  Phillips  2-inch  Combustors 
selected  for  use  with  prevaporized  and  pressure  atomized  fuels  are  shown  in 
Table  1. 


Four  levels  of  combustor  pressure,  four  levels  of  inlet-air  tempera¬ 
ture,  and  throe  levels  of  inlet-air  humidity  were  used  in  Program  1  and  the 
details  of  the  operating  conditions  are  shown  in  Table  4.  These  are  the  same 
operating  conditions  used  in  the  previous  program  (8)  with  the  exception  that 
pressure  atomization  was  used  ratner  than  prevsporization  of  the  fuels.  Thus 
direct  comparisons  of  effects  of  prevaporized  and  pressure  atomized  fuels  can 
be  made.  The  five  teat  fuels  were  selected  at  random  at  a  given  combination 
of  operating  variables  and  the  48  combinations  of  operating  variables  were  run 
in  a  random  order.  Inlet-air  humidity  was  adjusted  by  metering  water  into  a 
heat  excananger  mounted  in  the  inlet-air  system  between  the  air  heater  and  the 
combustor  inlet, 

A  small  program  was  included  in  the  experimental  investigation  to 
evaluate  the  effect  of  heat  input  rate  as  an  operating  variable  on  flame 
radiance  and  exhaust  emissions  with  both  prevaporized  and  pressure  atomized 
fuels.  The  experiment  was  a  2  x  2  x  3  factorial  design  with  two  levels  of 
combustor  pressure,  two  levels  of  inlet  air  temperature  and  thres  levels  of 
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inlet  stir  humidity.  Nine  additional  combinations  of  operating  variables  were 
included  to  provide  a  measure  of  non-linear  responses  and  the  entire  experiment 
was  conducted  with  both  prevaporized  and  atomized  fuels.  Details  of  th® 
operating  conditions  for  these  tests  axe  shown  in  Table  5.  Pertinent  physical 
and  chemical  properties  of  the  five  test  fuels  are  shown  in  Table  3. 

■Measurements  were  made  of  flame  radiation  and  exhaust  emissions  of 
smoke,  CO,  CO^,  BO,  N0X,  and  hydrocarbons.  Measurements  of  flame  radiation 
wsra  made  at  the  primary  air  holes  (Station  No.  1)  for  tests  with  pressure 
atomized  fuels  and  at  the  secondary  air  holes  (Station  No.  2)  for  teats  with 
pro vaporized  fuels.  Flame  radiance  measurements  were  marie  using  equipment 
described  in  Section  7-3.  Determinations  of  exhaust  smoke  were  made  with  the 
Von  Brand  smoke  meter  as  described  in  Section  7.4.1.  The  exhaust  samples  for 
determinations  of  gaseous  emissions  (CO,  CO^  BO,  RQX,  and  hydrocarbons)  were 
diluted  with  about  two  parts  of  heated  nitrogen,  as  shown  in  Figure  11,  to 
eliminate  condensation  of  water  in  the  test  instruments.  The  instruments  and 
techniques  for  measuring  gaseous  emissions  are  described  in  Section  7.4.3. 


FIGURE  1 

PHILLIPS  RESEARCH  FACILITY  FOR  JP  FUELS 


CONTROL.  ROOM  FOR  HIGH-PRESSURE  COMBUSTOR 
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TafeLE  1 

DESIGN  DETAILS  OF  PHILLIPS  2 -INCH  COMBUSTOR  FOR  STUDY  OF  FLAME  RADIATION 


Combustor  Number 


Variable 

.  4.5.  .. 

...  n  . . 

Do-e  Configuration 

X 

XIX 

Air  Inlet  Diameter,  in. 

0.875 

0.781 

Ir.Iet  Type 

Tar.s'ert 

Tanqent 

Hole  Diameter,  in. 

0.250 

0.2  50 

"umber  of  Holes 

6 

6 

Total  Hole  Area,  sq ,  in. 

0.205 

0.295 

“*!  Total  Combustor  Hole  Area 

7,8n8 

?,  808 

Fuel  Tube  Diameter,  in. 

0.250 

«  ♦  * 

Penetration,  in. 

0,000 

•  «  » 

Exit  Tyre 

Open 

«  *  • 

puel  Nozzle 

Type 

•  *  * 

Simplex 

Snray  Pattern 

•  •  • 

Semi-Solid  C> 

Spray  Ansle ,  decrees 

*  •  a 

45 

s’late  Tube  Conf imration 

V 

V 

1st  Station 

Hole  Diameter,  in. 

0.375 

0.375 

Total  Number  of  Holes 

4 

4 

Total  Hole  Area,  sq.  in. 

0.442 

0.442 

^  Total  Combustor  Hole  Area 

11.699 

11.699 

2nd  Station 

Hole  Diameter,  in. 

0.375 

0.375 

Total  Number  of  Holes 

4 

4 

Total  Hole  Area,  sq,  in. 

0,442 

0.442 

•*5  Total  Combustor  Hole  Area 

11,609 

11.699 

3rd  Station 

Hole  Diameter,  in. 

0,62  5 

0,625 

Total  Number  of  Holes 

4 

4 

Total  Hole  Area,  sq ,  in. 

1.224 

1 ,224 

^  Total  Combustor  Hole  Area 

32.398 

32.3Q8 

Wall  Cool ins  Air 

Hole  Diameter,  in. 

0,125 

0.125 

Holes/Station 

16 

16 

Number  of  Stations 

7 

7 

Total  Number  Holes 

112 

112 

Total  Hole  Area,  sq ,  in. 

1.375 

1.375 

%  Total  Combustor  Hole  Area 

36.394 

36.394 

Total  Combustor  Hole  Area,  sq ,  in. 

3.778 

3.778 

%  Cross  Sectional  Area 

142.1 

142.1 

?4 


SCHEMATIC  OF  TEST-WAY  FOR  STUDY  OF  EXHAUST  EMISSIONS 
FROM  CONTINUOUS  COMBUSTION  PROCESSES 
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TABLE  2 

CALIBRATION  DATA  FOB  TOTAL  RADIATION  FYR O'  1ETLR 


Initial 

Check 

Calibration, 

Calibration 

Te-meraturt? .  F 

millivolts 

millivolts 

1230 

•  »  » 

0.57 

1300 

•  l  * 

0.6? 

1395 

1  •« 

0.93 

1405 

0.91 

•  *  e 

1485 

1  *  1 

1,16 

1600 

»  •  * 

1.53 

1669 

1.82 

«  0  • 

1695 

•  •  * 

1 .94 

1810 

1  (  • 

2.33 

181? 

2,40 

«  *  • 

1900 

2.o6  (a) 

1925 

•  •  • 

2,90 

2000 

•  •  « 

3.3? 

2020 

•  •  • 

3.48 

2025 

3-85 

♦  *  * 

2055 

3.98  (a) 

•  *  * 

2100 

•  •  • 

4.09 

2200 

*  •  * 

4.83 

2245 

5.42 

l  «  • 

2720 

11.76  (a) 

•  •  % 

2300 

13.00  (b) 

*  •  * 

2989 

15.71  (a) 

•  *  • 

otes  < 

(a)  'Points  taken 

in  Remmey  Furnace 

(b)  Leeds  and  Northrun  factory  calibration  noint 
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FIGURE  9 

CALIBRATION  OF  TOTAL  RADIATION  PYROMETER 
(  RADITATION  VS  MILLVOLTS  ) 
(COMPENSATOR  SETTING  —  30  ) 

30 


TEMPERATURE 
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NO  ,  4  WHATMAN 
FILTER -PAPER  TAPE 


1  /  2  INCH  TRACE 
HEATED -FILTER  HEAD 


2  INCHES  PER  MINUTE 
TAPE- DRIVE  MOTOR 


FIGURE  10 

VON  BRAND  SMOKEMETER 


TEST  CELL  ■  - CONTROL  ROOM  -■  "  - - - - . . . . OUTSIDE 


FIGURE  1  1 

SCHEMATIC  DIAGRAM  OF  SAMPLING  SYSTEM 


PilY ';Jfi  L  AM?  CHEMICAL  WuPF.HTlSS  OK  HJKbS 
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TABUS  4 


PHILLIPS  2-IPOH 

COKBUSTliR 

tip  ■■HATH 

f  ■  i**  •  * 

k1,.  -JWi  A  jU.  .7 

V(;K  -I':  - 

,  Tj'ihJi  < 

up  U.IBSIO’S  (i, ) 

Tr 

’ropran 

i) 

Inlet 

Inlet 

Inlet 

Fuel 

Plow .  1 

I^Zhr  .  . 

Test 

Corthusto 

r  Air 

Air 

Water 

A 

B 

f> 

u 

u 

E 

C  ond 

,  Pressure 

,  Term. , 

Flow, 

Flow, 

SJ-6? 

BJ-6? 

BJ-6? 

iJ  -6? 

3J-71 

5o. 

atm 

F 

Ib/sec 

l’t/hr 

s3?52 

~3sb5 

-9-112 

-9-64 

-8-A1 

1 

7.5 

400 

0.892 

a  *  * 

51.6 

51.0 

51.5 

52,3 

48.2 

2 

7.5 

400 

0.864 

62,2 

50.0 

49.4 

49.8 

*0,6 

3 

?•  5 

400 

0.838 

120.7 

48.5 

48.0 

48.3 

49,1 

45.3 

u 

7.5 

600 

0,724 

a  *  * 

41.9 

41 .4 

41.8 

42 .4 

39.2 

5 

7.5 

600 

0.701 

50.5 

40.6 

40.1 

40.4 

41.1 

39.9 

6 

7.5 

600 

0.680 

9?. 9 

39.3 

38.9 

39.2 

39.8 

36.8 

? 

7.5 

800 

0.609 

•  *  a 

35.2 

34.8 

35.1 

35.? 

32.9 

8 

7.5 

500 

0.590 

42.5 

34.1 

33.8 

34.0 

34.6 

31.9 

9 

7,5 

800 

0.572 

82,4 

33.1 

32.7 

33.0 

33.^ 

30.9 

10 

r?  c 

*  ♦  / 

1000 

0.525 

♦  a  * 

30.4 

30. 0 

30.3 

30.8 

28.4 

11 

7.8 

1000 

0.709 

36.6 

29.4 

29.1 

29.4 

29.8 

27.5 

12 

7.5 

1000 

0.-93 

71.0 

28.5 

28.2 

25.4 

28.9 

26.7 

13 

10.0 

400 

1.19 

•  c  • 

68.8 

68.1 

68.6 

69.7 

64.4 

14 

10.0 

400 

1.15 

82,8 

66.5 

65.8 

66.3 

67.4 

62.2 

15 

10.0 

400 

1.12 

161.3 

64.8 

64.1 

64,6 

65.6 

60.6 

16 

10.0 

600 

0.965 

tea 

55.8 

55.2 

55.7 

56,6 

52.2 

1? 

10.0 

600 

0.935 

67.3 

54.1 

53.5 

53-9 

54.8 

50.6 

ip 

10.0 

600 

0.90? 

130.6 

52.5 

51.9 

52.3 

53.2 

49.1 

19 

10.0 

800 

0,812 

a  •  • 

4?.0 

46.5 

46.8 

4-7.6 

43.9 

20 

10,0 

800 

0,78? 

56.7 

45.5 

45.0 

45.4 

46.1 

42.6 

21 

10.0 

800 

0.763 

109,0 

44.1 

43.7 

44.0 

44.7 

41.3 

22 

10.0 

1000 

0.701 

a  t  a 

40.6 

40.1 

40.4 

41.1 

37.9 

23 

10.0 

1000 

0.679 

48.9 

39.3 

38.8 

3°  .2 

39.8 

36.7 

24 

10,0 

1000 

0.658 

94,8 

38.1 

37.6 

38,0 

38.6 

35.6 

(a) 

Reference 

Velocity  = 

140  ft /sec. 

Heat  Input  *=  300  Btu/lt)  air. 
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TALUS  4  (Continued) 

PHILLIPS  2-IMCH  CUKBUST'.a  0PEFATJ89  CONDITION 3  FOB  This  IVlbuY  UF  E?  J.-LIUJ. 


(program  i) 


iiJ- 


Inlet 

Inlet 

Inlet 

Fuel 

Flow,  lbs /hr 

Teat 

Combustor 

Air 

Air 

Water 

A 

n 

0 

D 

S 

CoRfi 

.  Pressure, 

Test?,, 

Plow, 

Plow, 

BJ-6? 

:;J  -6? 

BJ-6? 

hJ-6? 

fcJ-Pl 

So, 

atm 

p 

Lb/sec 

14 /hr 

-0-07 

s2A5 

-9-012 

-9-G4 

-9-A1 

25 

12.5 

400 

1.49 

•  *  • 

86.2 

85.2 

86.0 

8?.3 

80.6 

26 

12.5 

400 

1.44 

103.7 

83.3 

82. 4 

83.1 

84.4 

77.9 

27 

12.5 

400 

1.40 

201 .6 

81.0 

80.1 

80.3 

82.0 

0  cr  0 
i  J  *  ( 

23 

12.5 

600 

1.21 

t  f  t 

7^.0 

69.2 

69,8 

70,9 

65.4 

29 

12.5 

600 

1.17 

34.2 

67.7 

66.9 

67.5 

68.6 

63.3 

30 

12.5 

600 

1.11 

159.3 

64.2 

63.5 

64,0 

b5.0 

60.0 

31 

12.5 

800 

1.02 

•  •  * 

59.0 

58.4 

5-3.8 

59.8 

55.2 

32 

12.5 

800 

0.984 

70,8 

56.9 

56.3 

56.8 

5?  P 

fr3.2 

33 

12.5 

800 

0.954 

137.4 

55.2 

54.6 

55.0 

55.9 

61.6 

34 

12.5 

1000 

n.B?6 

•  *« 

50.? 

50.1 

50.5 

51.3 

47,4 

35 

12.5 

1000 

0.849 

61.1 

49.1 

48.6 

4O.0 

49.3 

45.9 

36 

12.6 

1000 

0.823 

118.5 

47.6 

47.1 

47.5 

48.2 

44.5 

3? 

15.0 

400 

1.78 

*  «  « 

103.0 

101.8 

102,7 

IO6.3 

96.3 

38 

15.0 

400 

I.73 

124.6 

1C0.1 

99.0 

99.8 

101.4 

93.6 

39 

15.0 

400 

1 .68 

241 .9 

97.2 

96.1 

96.9 

98,4 

90.9 

40 

15.0 

600 

1.45 

*  *  • 

88.0 

83.0 

83.6 

85.0 

?8,4 

41 

15.0 

600 

1.40 

100. 8 

81.0 

80.1 

B0. 8 

82.0 

75.? 

42 

15.0 

600 

1.36 

195.8 

78.? 

77.8 

78.5 

79.7 

73.6 

43 

15.0 

800 

1.22 

*  »  » 

70 .6 

69.8 

70.4 

71 .5 

66.0 

44 

15.0 

800 

1.18 

35.0 

63.3 

67.5 

68.1 

69.2 

63.8 

45 

15.0 

800 

1 .14 

164.2 

65.9 

65.2 

t>5.8 

66.8 

61.7 

46 

15.0 

1000 

1.05 

•  •  • 

60.7 

60.1 

60.6 

61.5 

56 1.6 

47 

15.0 

1000 

i  .02 

73.4 

50,0 

58.4 

<8.8 

59.8 

56.2 

48 

15.0 

1000 

0.988 

142.3 

57.2 

56.5 

57.0 

57.9 

53.4 

(a) 

Reference  Vel.Tcity  = 

140  ft /sec. 

Heat  Innut  *  300  Btu/lb  air. 
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TABLE  5 

PHILLIPS  2-INCH  Ct/SHTPOR  OPERATING  CuT-XTIOHS  FOR  T:a  STUyY  iff  ENldHlOES  fa) 
(prevanor 1  sr.  ed  and  Pressure  Atomized  Fuels) 

(program  2) 


Inlet 

Inlet 

Fuel 

Flow,  lbs /or 

Test 

Air 

Hater 

A 

& 

C 

D 

E 

Cond 

,  Test 

Flow, 

Flow, 

RJ-6? 

BJ-6? 

BJ-6? 

BJ-6? 

BJ  -71 

Ho. 

Conditions 

Ibe/sec 

lbs/hr 

-9-G7 

-9-A  5 

-9-012 

-9-34 

-8-A1 

49 

P,  T, 

F1 

ft 

H2 

0,465 

t  *  ♦ 

27.9 

27.6 

27.8 

28.3 

2?,5 

53 

ll  ‘t 
P  T 
*1  A1 

0.935 

67.3 

27.0 

26.8 

27.0 

27,4 

26,6 

57 

0.907 

130.6 

26.2 

26.0 

26.2 

26.6 

2  7.8 

50 

p  *** 

ft  ? 

ft  T2 

i  2 

F. 

Hfl 

0.812 

♦  •  » 

23.5 

23.2 

23.4 

23.8 

23.1 

54 

Jl 

F1 

H1 

0,78? 

56.7 

22,6 

22.5 

22.7 

23.1 

22.4 

58 

0.763 

109.° 

22.2 

21.8 

22.0 

22.4 

21,7 

51 

P  T 

9  x  1 

Fj 

F 

1  1 

H 

1.21 

4  «  • 

35.0 

34.6 

34.9 

35.4 

34.4 

55 

PZ  T1 

ft  ft 
*2  '1 

1.1? 

84.2 

33.8 

33.5 

33.8 

34.3 

33.3 

59 

»2 

1.13 

162.7 

32.7 

32.3 

32.6 

33.1 

32.2 

52 

F, 

Hn 

1.02 

•  a  • 

29.5 

29.2 

29.4 

29.9 

29.0 

56 

P?  T2 

F 

P1 

H? 

0.984 

70.8 

28.5 

28.2 

28.4 

28.8 

28.0 

60 

P2  T2 
2  2 

H1 

2 

0.954 

137.4 

27.6 

270 

27.5 

28.0 

2?,2 

61 

P  T 

rJ.  X  1 1 

& 
*  5 

K1 

0.962 

69.3 

41.? 

41.3 

41.6 

42.3 

41.1 

66 

± 1  it 

Hl 

*'x 

0.641 

46.2 

27.8 

27.5 

27,7 

28,2 

2?  .4 

6? 

A  T 

3  4 

i 

1.28 

92.2 

55.5 

54.9 

55.4 

56.3 

54.7 

68 

P4  Tn 

ft 

H1 

sl 

Ho 

1.30 

93.6 

56.4 

55.8 

56.2 

57.1 

55.5 

69 

?4  T? 

0.764 

55.0 

33.1 

32.8 

33.1 

33.6 

32.6 

64 

P4T2 

1 

0.992 

•  o  a 

43.0 

42.6 

42.9 

43.6 

42.4 

65 

P4  T4 

ft0 

Ho 

0.933 

134.4 

4o«  5 

40.0 

4004 

41.0 

39.8 

63 

p4  ?4 

r  J, 

H! 

0.962 

69.3 

18.6 

18.3 

18.5 

18.8 

18.3 

62 

*4 

‘3 

0.962 

69.3 

64.9 

64.2 

64.8 

65.8 

63.9 

(a) 

Reference  Veloe 

i’vV  «  l4o 

ft/sec, 

¥ 

Combustor  Pres. 

.  P0  -  7* 

5.  Pi  - 

10.0,  ?2 

-  12.5, 

,  ¥j  •  15*0,  P^  - 

11,25  atm. 

Inlet  Air  Terap,,  T0  -  400F,  Tj  -  600F,  T2  -  -800F,  -  1000F,  -  ?OOF, 

Heat  Innut,  Fq  -  100,  Fj  *  150,  P2  -  22*,  F^  »  350  Btu/lb  air. 

Inlet  Air  Humidity,  Hq  -  0,2,  Hj  —  ?.2,  H2  =  4,2  lbs  HjO/lb  dry  air  x  100, 


Inlet  Temperature  of  Prevaporited  Fuel  -  7C0F, 

Combustor  Configuration  No.  45  for  Prevaporized  Fuel. 

C embus t. or  Configuration  No.  71  for  Pressure  Atom.i7.efl  Fuel. 


^ij4;?S'<:^''v;:’-'‘i^j:',. :  •'•:c<3rv£.; 

itj&W?  '  *£&  & 

.•J&-..  -v% *S3S*»*v«$$r 

?v  >  •/  •  A».V«*  t-&t{*sw  $v.  *  *■ : ”  '  V»\t  •  «.•  -t\ -  v  -*■ 
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8.  APPENDIX  2 
(Experimental  Results) 


8.1.  Flame  Radiation 

Rayotube  readings  obtained  at  each  test  point  during  the  investiga¬ 
tion  were  converted  to  total  radiant  energy  values  using  the  calibration 
curves  shown  in  Section  7.  and  the  vajLuee  are  presented  ir  Tables  6,  7,  and 
8.  The  data  presented  in  Tables  6  and  8  were  obtained  with  pressure  atomized 
fuels  and  the  Rayotube  readings  were  obtained  at  Station  No.  1  of  the  flame 
tube.  The  Rayotube  readings  with  prevaporized  fuels  are  shown  in  Table  7  and 
the  readings  were  obtained  at  Station  No.  2  of  the  flame  tube. 

8*2.  Exhaust  Smoke  Measurements 

Smoke  optical  density  measurements  were  obtained  with  each  fuel- 
operating  variable  combination  as  indicated  in  Section  7.  and  the  data  are 
presented  in  Tables  9,  10,  and  11. 

8.3 .  Gaseous  Emissions 


The  concentrations  of  CO2,  CO,  NO,  N0x,  and  hydrocarbons  in  the 
diluted  exhaust  gas  at  each  combination  of  fuels  and  operating  variables  were 
measured  using  the  continuous  monitoring  instruments  described  in  Section  7. 
and  the  data  are  shown  in  Tables  12,  13,  and  14.  The  mass  of  emissions  in 
Ib/hr  and  the  Emission  Index  in  lbs/1000-lbs  of  fuel  were  calculated  for  each 
test  point  as  described  in  Section  7.  and  the  data  are  shown  in  Tables  15,  16, 
and  17. 
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TABLE  6 

DATA  FoB  r.F^-O'f  U F  FUELS  A'D  OPERATING  VARIABLES  CM  FLAMS  HADIaTIUN  (a) 

*  ..(Program  i) 


Inlet 

Inlet 

Flame  Radiation  With  Fuels  ( c ) 

Test 

Combustor 

Air 

Air 

A 

B 

C 

D 

E 

Gond. 

Pressure. 

Temp. , 

Humidity , 

BJ-6? 

BJ-6? 

BJ-6? 

BJ-6? 

BJ-71 

No. 

atm 

F 

*  (b) 

J&SZ- 

.t&Ai. 

-9-012 

-9-G4 

1 

7.5 

400 

0.2 

78.8 

46.3 

56.6 

82,8 

37.7 

2 

7.5 

400 

2.2 

67.1 

42.3 

61.8 

87,6 

34.9 

3 

7.5 

400 

4.2 

61.3 

34.0 

54.0 

76.7 

27.0 

4 

7.5 

600 

0.2 

107,2 

83.4 

103.7 

110.6 

59.2 

5 

7.5 

600 

2.2 

95.2 

62.5 

90.1 

39.7 

55.4 

6 

7.5 

600 

4.2 

87.8 

58.1 

79.3 

87.8 

45.9 

7 

7.5 

800 

0.2 

137.8 

109.2 

133.3 

164.2 

89.2 

5 

7.5 

800 

2.2 

128.7 

97.3 

124.0 

150.2 

?9.2 

9 

7.5 

800 

4.2 

102.6 

6?.8 

96.6 

125.3 

57.0 

if) 

7. A 

1000 

0,2 

170.7 

132.4 

163.3 

174.2 

116.5 

U 

7.5 

1000 

2.2 

152.1 

115.3 

145.9 

175.0 

100.6 

12 

7.5 

1000 

4.2 

138.1 

I06.3 

130.5 

162.0 

88.4 

13 

10,0 

400 

0.2 

66.6 

38.5 

59.5 

95.8 

39.9 

14 

10.0 

4o0 

2.2 

47.5 

29.5 

45.7 

58.7 

32.8 

15 

10.0 

4C0 

4.2 

37.0 

24.8 

36.7 

46.3 

27.4 

16 

10. 0 

6oo 

0,2 

119.7 

91.7 

100.3 

130,6 

61.0 

17 

10. 0 

6oo 

2.2 

112.6 

77.4 

95.4 

104.8' 

61.5 

18 

10,0 

600 

4.2 

97.5 

67.7 

91,9 

118. C 

54.1 

19 

10.0 

800 

0,2 

157.9 

126.2 

14-7.3 

171.8 

121.1 

20 

10.0 

800 

2.2 

137.7 

111.4 

131.0 

149.7 

97.1 

21 

10.0 

800 

4.2 

125.6 

99.0 

116.5 

143,2 

85.9 

22 

10.0 

1000 

0.2 

202.6 

172.9 

192.3 

194.3 

156.5 

23 

10. 0 

1000 

2.2 

182,3 

149.9 

177.6 

197.4 

135.6 

24 

10.0 

1000 

4.2 

169.0 

133.4 

162.0 

181.9 

119.9 

(a) 

Reference  Velocity 

=  140  ft/sec 

• 

Heat  Iirnut 

«  300  Btu/lb  air. 

0>) 

Lbs  HgO/lb  dry  air 

X  100, 

(c) 

Total  Radiation  Pyrometer  (Rayotube) , 

Btu/ftZ/hr  x  10' 

'3. 

U 
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TABLE  6  (Continued) 

LATA  PQH  IF  1C.:  >iF  F..bju-.  A  ;j  UPSRATIS-.C  VARIABLE  ON  FUWS  RAuIA'iTOM  (a) 

(Proip-asr'T) 

Inlet  Inlet  Flame  Radiation  With  Fuels  (c) 


Test 

Combustor 

Air 

Air 

A 

B 

C 

D 

E 

Oond 

,  Pressure , 

Term. , 

Humidity, 

BJ-6? 

BJ-6? 

BJ-6? 

BJ-6? 

BJ-71 

Ro. 

atm 

F 

«  (8) 

-9-6? 

-9-A5 

-9-G12 

-g-G4 

-8-A1 

23 

12.5 

4Q0 

0.2 

123.5 

50,4 

?8,0 

99,6 

54.3 

26 

12.5 

400 

2.2 

69.1 

3?.8 

62,2 

83.6 

45.3 

27 

12.5 

400 

4,2 

4q,  R 

31.0 

61.1 

63.4 

34.1 

28 

12.5 

600 

0.2 

143.9 

95.3 

149.5 

161.7 

115.2 

29 

12.5 

600 

2.2 

122.7 

65.6 

101.1 

138,4 

76.2 

30 

12.5 

600 

4.2 

79.3 

45.3 

?8.0 

100.7 

56.9 

31 

12.5 

800 

0.2 

186.0 

166.0 

177,8 

194.9 

155.6 

32 

12.5 

800 

2.2 

168.9 

140,4 

164.8 

179.2 

131.9 

33 

12,5 

800 

4.2 

151.8 

127.9 

148.8 

167.8 

116.? 

34 

12,5 

1000 

0.2 

216.9 

186.9 

221.6 

231.1 

I85.2 

35 

12.5 

1000 

2.2 

194.0 

168,9 

183.3 

199.0 

163.6 

36 

12.5 

1000 

4,2 

183.2 

144.2 

174.2 

198.3 

141.? 

37 

15.0 

400 

0.2 

143.0 

10?.? 

144.1 

146.2 

113.0 

38 

15,0 

400 

2.2 

138.7 

102.2 

128.3 

139.7 

92,0 

39 

15.0 

400 

4.2 

118.3 

87.9 

115.1 

130.7 

69.5 

40 

15,0 

600 

0.2 

160.9 

136.8 

I63.O 

166.0 

131.3 

41 

15,0 

600 

2.2 

149.3 

120.6 

143.4 

14?.6 

112.8 

42 

15.0 

600 

4.2 

133.8 

105.5 

123.2 

141.5 

95.4 

43 

15.0 

800 

0.2 

204.5 

183.6 

201.7 

212.0 

182.3 

44 

15.0 

800 

2.2 

187.9 

134.1 

1R3.2 

197.1 

169.1 

45 

15.0 

800 

4.2 

165.2 

106.7 

159.5 

181.3 

134.5 

46 

15.0 

1000 

0.2 

233.5 

210.0 

224,3 

240.8 

20C  .2 

47 

1%0 

1000 

2.2 

213.8 

189.6 

208.0 

222.6 

186.5 

48 

15,0 

1000 

4.2 

199.8 

176.? 

190.6 

210,0 

172.1 

(a) 

Reference  Velocity  « 

140  ft/sec 

• 

(b)  Lbs  H^O/lb  dry  air  x  100. 

(c)  Total  Radiation  Pyrometer  (Rayotube) ,  Btu/ft^/hr  x  i0~^. 
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TABLE  7 

DATA  FOR  EFFECT  OF  FUELS  AMD  OPERATING  VARIABLES  ON  FLAVE  RADIATION  (a) 

(Prevarorized  Fuels)  " 


Test 

Cond, 

No. 

Comb, 
Pres, , 
atm 

Inlet 
Air 
Terno, , 

F 

Heat 
Input, 
Btu/ 
lb  air 

Inlet 

Air 

Humid . , 

%  (*>. 

Flame  Radiation  With  Fuels  (e} 
ABODE 
BJ-6?  BJ-6?  BJ-67  BJ-67  BJ~?1 

-9 -G?  -9-A5  -9-012  -9-G4  -8-A1 

49 

10.0 

600 

150 

0.2 

21.5 

20.9 

21.9 

22.2 

21.1 

“>3 

10,0 

600 

150 

2.2 

22.2 

20.2 

22,3 

23.2 

21.4 

5? 

10.0 

600 

150 

4.2 

2C.3 

19.0 

19.6 

19.8 

19.1 

50 

10.0 

800 

150 

0.2 

21 .8 

20.6 

21,6 

11.0 

21,6 

54 

10.0 

800 

150 

2.2 

19.9 

18.8 

19.8 

18.4 

19.5 

58 

10.0 

80C 

150 

4.2 

19.6 

19.1 

20.3 

20.? 

19.7 

51 

12.5 

600 

150 

0.2 

22.5 

22.0 

23,6 

27.2 

41.9 

55 

12.5 

600 

150 

2.2 

29,4 

26.5 

42.1 

30.8 

48.5 

59 

12.5 

6on 

150 

4.2 

22.3 

30.6 

44.0 

22.? 

69.3 

52 

12.5 

800 

150 

0,2 

23.6 

23.4 

33.3 

24.9 

24.6 

56 

12.5 

800 

150 

2.2 

21.3 

23.2 

23.7 

21.5 

22,0 

6o 

12.5 

800 

150 

4.2 

20.3 

21.4 

20.9 

20.2 

21.5 

61 

11.25 

”700 

225 

2.2 

76,9 

56.3 

104.9 

88.0 

68.4 

66 

7.5 

700 

225 

2.2 

60.7 

41.1 

56.7 

68.5 

48.9 

67 

15.0 

700 

225 

2.2 

125.7 

128.9 

85.9 

114.1 

76.1 

68 

11.25 

400 

225 

2.2 

86.5 

58.1 

79.5 

99.7 

75.2 

69 

11.25 

1000 

225 

2.2 

67.9 

58.0 

76.7 

76.5 

61.9 

64 

11.25 

700 

225 

0.2 

92.4 

65.6 

91.5 

98.6 

85.0 

65 

11.25 

700 

225 

4.2 

57.0 

43.8 

90.7 

40.2 

51.4 

63 

11.25 

700 

100 

2.2 

10.9 

10.8 

11.0 

10.7 

10.9 

62 

11.25 

700 

350 

2.2 

238.9 

151.1 

179.9 

250.2 

199.2 

(a)  Reference  Velocity  -  14o  ft/sec. 

(b)  Lbs  HgO/lb  dry  air  x  100.  ?  _ 

(c)  Total  Radiation  Pyrometer  (Rayotube) ,  Btu/ft  /hr  x  10~  . 
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TABLE  8 

DATA  FOR  EFFECT  OF  FbSLS  AND  OPERATING  VARIABLES  UN  FUME  RADIATION  (a.) 

(Pressure  Atomized  Fuel) 


Test 

Cond, 

No. 

Comb, 
Pres . , 
atm 

Inlet 
Air 
Temp, , 

F 

Heat 
Input, 
Btu/ 
lb  air 

Inlet 

Air 

Humid . , 

*  (b) 

Flame  Radiation  with  Fuels  (o’! 
ABODE 
BJ-6?  RJ-6?  BJ-6?  BJ-6?  BJ  -71 

-9-G?  -9-A5  -9-4112  -9-414  -8-A1 

D-9 

10. 0 

6  00 

150 

0.2 

111.0 

76.4 

111.8 

123.3 

71.9 

S3 

10. 0 

600 

150 

2.2 

90.7 

62,6 

89.4 

108.8 

58.7 

5? 

10. 0 

600 

150 

4.2 

66.9 

46.6 

65.6 

79.2 

44.1 

SO 

10.0 

800 

150 

0.2 

72.5 

52.9 

74,7 

?2,0 

52.7 

54 

10.0 

800 

150 

2.2 

58.5 

47. S 

61.8 

64.1 

48.9 

50 

10. c 

800 

150 

4.2 

54.3 

44.4 

54,4 

58.5 

43.6 

51 

12.5 

600 

150 

0.2 

123.1 

85.5 

131.3 

150.3 

84.9 

55 

12.5 

600 

150 

2.2 

98.1 

71.8 

102.5 

123.9 

49.6 

59 

12.5 

600 

150 

4.2 

80.8 

56.3 

84.4 

100.4 

55.3 

52 

12.5 

800 

150 

0.2 

106.1 

77.9 

102.0 

132.7 

72.7 

56 

12.5 

800 

150 

2.2 

80.0 

57.9 

80.8 

93.8 

59.5 

6o 

12.5 

800 

150 

4.2 

69.4 

52.4 

69.8 

77.2 

553 

61 

11.25 

700 

225 

2.2 

176.5 

120.2 

171.4 

196.9 

113.7 

66 

2.5 

700 

225 

2,2 

89,3 

51.8 

89.0 

114.8 

49.9 

6? 

15.0 

700 

225 

2.2 

201 .4 

164.6 

192.2 

217.8 

15?  .2 

68 

11.25 

400 

225 

2.2 

119.9 

80.7 

116.7 

143.4 

68.9 

69 

11.25 

1000 

225 

2,2 

175.8 

122.5 

170.6 

200.4 

126,5 

64 

11.25 

700 

225 

0.2 

198.6 

152.1 

197.6 

222.1 

144,2 

65 

11.25 

700 

225 

4.2 

147.9 

99.1 

141.7 

174.0 

94.? 

63 

11.25 

700 

100 

2.2 

31.9 

31.5 

33.6 

30.3 

33.9 

62 

11,25 

700 

350 

2,2 

144.4 

113.8 

133.6 

159.7 

100.? 

(a)  Reference  Velocity  -  140  ft/sece 

("b)  Lbs  H20/lb  dry  air  x  100.  , 

(c)  Total  Radiation  Pyrometer  (Rayotube)  ,  Btu/ft  /hr  x  10  . 
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TABLE  9 

K'  j  OPERATING  VARIABLE  ob  iX:^J  >T  SHuKfi  (a) 
fRro'rran  f) 


i 

i 

j 


Inlet  Inlet  Smoke  Ontical  Density  tfith  Fuels  (c) 

Test  Combustor  Air  Air  A  B  C  D  E 

Cond,  Pressure,  Temp.,  Humidity,  BJ-6?  BJ-6?  BJ-6?  BJ-6?  BJ-71 

^o.  atm  F  ^  (b1)  -9-G7  ~9"A 5  -9-G12  -9-09  -8-A1-- 


1 

7.5 

400 

0.2 

0.292 

0.1?4 

0.206 

0.351 

0.100 

2 

7.5 

400 

2.2 

0.045 

0.000 

0,000 

0.39? 

0.000 

3 

7.5 

400 

4.2 

0.000 

0.084 

0.031 

0.364 

0.043 

it 

7.5 

600 

0.2 

0.072 

0,088 

0.092 

0.016 

0.003 

s 

7.5 

600 

2.2 

0.186 

0.050 

0.138 

0.115 

0.052 

6 

7.5 

600 

4.2 

0.204 

0.168 

0.265 

0.338 

0.060 

7 

7.5 

800 

0.2 

0.171 

0,101 

0.154 

0.184 

0.061 

8 

7.5 

800 

2.2 

0.169 

0.141 

0.174 

0.219 

0.063 

9 

7.5 

800 

4.2 

0.572 

0.070 

0,114 

'•'■.193 

0.02? 

10 

7.5 

1000 

0.2 

0.064 

0.031 

0.049 

0.054 

0.019 

11 

7.5 

1000 

2.2 

0.000 

0.030 

0.048 

0.071 

0.020 

12 

7.5 

1000 

4.2 

0.072 

0.040 

0.062 

0.108 

0.02? 

13 

10.0 

400 

0.2 

0.220 

0.105 

0,202 

0.282 

0.082 

14 

10,0 

400 

2.2 

0.190 

0.076 

0.196 

0.253 

0.0?2 

15 

10.0 

400 

4,2 

0.116 

0.044 

0.10? 

0.178 

0.060 

16 

10.0 

600 

0.2 

0.268 

0.209 

0.210 

0.320 

0.059 

17 

10,0 

600 

2.2 

0,324 

0.208 

0.276 

0.300 

0,180 

13 

10.0 

6oo 

4.2 

0.310 

0.176 

0,226 

0.330 

0.082 

19 

10.0 

800 

0.2 

0.172 

0.144 

0.162 

0,021 

0.111 

20 

10. 0 

800 

2.2 

0.210 

0,168 

0.200 

0.230 

0.100 

2i 

10.0 

800 

4.2 

0.258 

0.170 

0.220 

0.282 

0.094 

22 

10.0 

1000 

0.2 

0.030 

0..011 

0.046 

0.080 

0,014 

23 

10.0 

1000 

2.2 

0.048 

0,026 

0.057 

0,071 

0.021 

24 

10.0 

1000 

4.2 

0.062 

0.033 

0.052 

0.072 

0.007 

(a) 

Reference  Velocity  = 

140  ft/sec 

♦ 

Heat  Innut 

■  300  Btu/lb  air. 

(b) 

Lbs  H20/lb  dry  ale  x 

100. 

(c) 

Von  Brand 

Smokemeter 

* 

t 

i 

S 
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TABLE  9  (Continued) 


UHi’A 

7; 

-T  UFFUSlS 

a  :D  ur-E 

RaTls.-r,  variables 

ON  EXiAUST  SMOKE 

Teat 

C  nnd . 
Vo. 

Combustor 
Pressure , 
at  a 

Inlet 
Air 
T39t>.  , 

V 

(Prorrram  l) 

Inlet  Snnke  Optical  Density  With  Fuels 

Air  A  B  C  D 

Humidity,  RJ-6?  BJ-6?  BJ -c?  BJ-6? 

(b)  -Q-G?  -9 -A 5  -9-G12  -Q-G4 

25 

12.5 

4ro 

0.2 

O.3°0 

0.143 

0.240 

0,300 

12.5 

400 

2.2 

0.236 

0.106 

0.222 

0.282 

?9 

12.5 

400 

4.2 

0.0?8 

0.072 

0.202 

0.250 

23 

12.5 

600 

0.2 

0.224 

o.ioS 

0.193 

0.213 

29 

12.5 

600 

2.2 

0.182 

0.07? 

0.148 

0,178 

30 

12.5 

600 

4.2 

0,110 

0.031 

0.122 

0.161 

31 

12.5 

800 

0.2 

0.157 

0.1B2 

0.133 

0.172 

32 

12.4 

800 

2.2 

0,005 

0.150 

0.18? 

0.185 

33 

12.5 

800 

4.2 

0.170 

0.18? 

0.234 

0.228 

34 

12.5 

100Q 

0,2 

0.009 

0.007 

0.006 

0.014 

35 

12.5 

1000 

2.2 

0.037 

0.043 

0.C13 

0.016 

36 

12.5 

1000 

4.2 

0.030 

0.015 

0.035 

0.040 

97 
>  ■ 

15.0 

400 

0.2 

0.525 

0.432 

0.440 

0.555 

33 

15.0 

400 

2.2 

O.45O 

0.360 

0.445 

0,520 

39 

15.0 

400 

4.2 

0.500 

0.400 

0.545 

0.660 

4n 

15,0 

600 

0.2 

0,490 

0.445 

0.465 

0.5^0 

41 

14,0 

600 

2.2 

0.490 

0.394 

0.455 

0.530 

42 

15.0 

600 

4.2 

0.430 

0.349 

0.413 

0.4?5 

43 

14,0 

800 

0,2 

0.200 

0,123 

0.175 

0.197 

4 4 

15,0 

800 

2,2 

0.165 

0.076 

0,147 

0.158 

45 

15.0 

300 

4,2 

0,125 

0,044 

0.118 

0.1=2 

46 

15.0 

1000 

0.2 

0.019 

0.044 

0.005 

0.000 

4? 

15,0 

1000 

2.2 

0,000 

0.03? 

0.000 

0.051 

48 

15.0 

icon 

4.2 

0.051 

0.032 

0.049 

0.070 

(a)  Reference  Velocity  =>  14?  ft/sec. 
Heat  Irvut  «=  300  Btu/lb  air, 

(b)  Lbs  iipO/lb  dry  air  x  100. 

(c)  Von  Brand  5m.?<emeter, 


(al 


L.(ci„ 

E 

BJ-?1 

-8-A1 

0.145 

oaid 

0.014 

0.110 

0.074 

0.058 

0,066 

0.12? 

0.102 

0.004 

0.019 

0.012 

0.?32 

0.298 

0.3?0 

0.3^0 

0.334 

0.304 

0.063 

0.158 

o.o&o 

0.000 

0.025 

0.013 
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TABLE  m 

DATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  ON  EXHAUST  SMOKE  fV; 

{prevaporlzed  Fuels) 


Test 

Condi 

No. 

Comb, 

,  Pres , , 
atm 

Inlet 
Air 
Temn, , 

r 

Heat 
Input , 
Btu/ 
lb  air 

Inlet 

Air 

Humid 

*  fb) 

49 

10,0 

600 

150 

0.2 

63 

10.0 

600 

150 

2.2 

57 

10.0 

600 

150 

4.2 

60 

10,0 

800 

150 

0.2 

54 

10.0 

800 

150 

2.2 

5fi 

10,0 

800 

150 

4.2 

51 

12.5 

600 

150 

0.2 

55 

12.5 

600 

160 

2.2 

<9 

12.5 

600 

150 

4,2 

52 

12.6 

800 

150 

0.2 

66 

12.5 

aoo 

150 

2.2 

6o 

12.5 

800 

150 

4.2 

61 

11.25 

700 

225 

2.2 

66 

7.5 

700 

225 

2.2 

67 

15.0 

700 

225 

2.2 

68 

11.25 

400 

225 

2.2 

69 

11.25 

1000 

225 

2.2 

64 

11.25 

700 

225 

0.2 

65 

11.25 

700 

225 

4.2 

63 

11.25 

700 

100 

2.2 

62 

11.25 

700 

350 

2.2 

(a) 

Reference  Velocity  <«  140  ft/sec 

b)  Lbs  HgO/lb  dry  air  x  100, 

c)  Von  Brand  Smokemeter, 


Smoke 

CDtical  Density  With  Fuel 

.s  .(c) 

A 

B 

c 

D 

E 

BJ-67 

BJ-6? 

BJ-6? 

BJ-6? 

BJ-71 

&SL. 

-9-A  5 

-9-G12 

-9-04 

-8-A1 

0.062 

0.(352 

0.056 

0.075 

0,040 

0.066 

0,034 

0.054 

0.073 

0.042 

0.013 

0.004 

0.000 

0.056 

0,000 

0.019 

0.002 

0.007 

0.021 

0.003 

0.014 

0.006 

0.012 

0.014 

0.003 

0.017 

0,003 

0.026 

0.036 

0.006 

0.068 

0,041 

0.030 

0.084 

0.082 

0.145 

0.075 

0.140 

0.080 

0.170 

0.100 

0.100 

0.210 

0.100 

0.260 

0.038 

0.026 

0.043 

0.060 

0.027 

0.018 

0.010 

0.015 

0,027 

0.011 

0,019 

0.013 

0.016 

0.017 

0.012 

O.I63 

0.135 

0.285 

0.176 

0.142 

0.188 

O.O85 

0.168 

0.190 

0.126 

0.238 

0,290 

0.124 

0.200 

0.125 

0.252 

0.150 

0.320 

0.300 

0.222 

0.053 

0.038 

0.040 

0.035 

0.036 

0,168 

0.125 

0.140 

0.152 

0.150 

0.146 

0.080 

0.258 

0.069 

0.130 

0,007 

0.003 

0.005 

0.005 

0.006 

0.320 

0.135 

0.188 

0.345 

0.255 
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TABLS  11 

Data  ?ck  effect  of  fuels  and  operating  variables  on  exhaust  smoke  (a) 

([pressure  Atom Ized  Fuel ) 

Inlet  Heat  Inlet  Smoke  Optical  Density  With  Fuels  fc^ 
Test  Comb.  Air  Inout,  Air  ABODE 

Cond.  Pres.,  Temp.,  Btu/  Humid.,  BJ-6?  BJ-6?  BJ-6?  BJ-6?  BJ-?1 


No. 

atm 

p 

lb  air 

*  (b) 

-9-G?  . 

-9-A5 

-9-G12 

-9-G4 

— 

iiC) 

10.0 

600 

150 

0.2 

0.025 

0.008 

0.026 

0.028 

0.006 

53 

10.0 

6oc 

150 

2.2 

0.025 

0.014 

0.023 

0.038 

0.005 

5? 

10.0 

600 

150 

4.2 

0.000 

0.010 

0.010 

0.025 

0.000 

50 

10,0 

800 

150 

0.2 

0.000 

0.000 

0.000 

0.000 

0.000 

54 

10.0 

800 

150 

2,2 

0.000 

0.000 

0,000 

0.000 

0.000 

58 

10.0 

800 

150 

4.2 

0.000 

0.000 

0.000 

0,000 

0.000 

51 

12.5 

600 

150 

0,2 

0.016 

0.004 

0.018 

0.018 

0.006 

55 

12.5 

600 

150 

2.2 

0,016 

0,005 

0.010 

0.028 

0.002 

59 

12.5 

6oo 

150 

4.2 

0.026 

0.004 

0.018 

0.038 

0.004 

52 

12.5 

800 

150 

0.2 

0.000 

0.003 

0.005 

0.006 

0.000 

56 

12.5 

800 

150 

2.2 

0.004 

0.000 

0.005 

0.003 

0.000 

60 

12.5 

800 

150 

4.2 

0.000 

0.000 

0.000 

0.002 

0.005 

6l 

11.25 

700 

225 

2.2 

0.108 

0.046 

0.09? 

0.104 

0,032 

S6 

?.5 

700 

225 

2.2 

0.014 

0.004 

0.005 

0.016 

0.005 

6? 

15.0 

700 

225 

2.2 

0.094 

0.08? 

0.100 

0.132 

0.058 

68 

11.25 

400 

225 

2.2 

0.191 

0.102 

0.143 

0.200 

0.082 

69 

11.25 

1000 

225 

2.2 

0.004 

0.000 

0.004 

0.00? 

0.004 

64 

11.25 

700 

225 

0.2 

0.090 

0,040 

0.074 

0.072 

0.0-42 

65 

11.25 

700 

225 

4.2 

0.076 

0.030 

0.084 

0.086 

0.023 

63 

11.2? 

700 

100 

2.2 

0.000 

0.000 

0.000 

0.000 

0,000 

62 

11.25 

700 

350 

2.2 

0.320 

0.260 

0.310 

0,370 

0,220 

(a^  Reference  Velocity  *  140  ft/sec. 
(b;  Lbs  H20/lb  dry  air  x  100. 

(c)  Von  Brand  Smokemeter. 
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TABl £  12 

DATA  FOP,  sgggr  C?  PUSL5  A'Q  OPERATING  VARIABLES  O?  SKIdSlUtfS  (a) 

^  (program  1) 


Test 

Cond. 

No, 

Comb, 

Pres., 

axis 

Inlet 
Air 
Temp, , 

F* 

Inlet 

Air 

Humid , , 

Fuel 

Raw 

Sannle 

CO-,, 

P PM 

Emissions  in  Diluted  Exhaust 
Concentration  in  PPM  (c) 

-  r4'”  (d) 

CO?  CO  K0  N0„ 

Gas  j 

TiT 

HC 

1 

7.5 

400 

0.2 

A 

32,200 

12,500 

75.4 

17.3 

- - 

20,6 

0 

B 

31,900 

11,900 

68,7 

15.4 

19.8 

0.1 

C 

33,300 

12,600 

71,4 

16.2 

20.6 

1.5 

D 

33,000 

12,600 

77.0 

18.0 

20.3 

i.l 

E 

30,100 

11,300 

58.0 

14.8 

19.8 

0 

2 

7.5 

400 

2.2 

A 

33,000 

12,800 

77.6 

11.5 

14.7 

1.1 

B 

31,500 

13,200 

74.1 

10.0 

14.2 

1.0 

C 

32, BOO 

12,800 

78,6 

H.3 

15.1 

1.0 

D 

33,100 

11,800 

81.0 

12.7 

13.5 

0 

E 

30 ,400 

11,400 

66,7 

io.3 

14.3 

1.0 

3 

7.5 

400 

4.2 

A 

31,900 

12,000 

72.2 

8.5 

11.9 

1.4 

3 

32,200 

12,000 

88.0 

7.8 

10.9 

2.1 

C 

32,500 

12 , 500 

76.5 

9.1 

11.9 

1.4 

D 

32,500 

12,500 

85.6 

11,0 

11.3 

1.4 

E 

30,400 

11,440 

64.8 

10.1 

10,8 

1.6 

4 

7.5 

600 

0.2 

A 

30,900 

11,500 

37.4 

25.9 

32.1 

O 

B 

31,100 

11,100 

44,7 

23.3 

29.2 

0 

C 

30,800 

11,300 

45.9 

23.5 

30.1 

0 

D 

30,800 

11,500 

44.4 

27.0 

31.3 

0.3 

B 

28 ,400 

10,400 

37.1 

23.1 

29.2 

0 

5 

7.5 

600 

2.2 

A 

32 ,40C 

12,100 

44.2 

17,7 

21.4 

0 

B 

29,700 

11,300 

39.1 

1*.9 

21.4 

0 

G 

31,400 

11,800 

42,4 

18.6 

23.0 

1.0 

D 

30,800 

11,300 

141.9 

12.0 

21 .4 

9.4 

£ 

29,100 

11,100 

35.2 

17.9 

21,8 

1.0 

6 

7.5 

600 

4.2 

A 

30,500 

11,500 

4C.3 

13.2 

16.0 

1.1 

B 

28,600 

11 ,200 

36.8 

12.1 

15.6 

1.2 

C 

29,600 

11,600 

42.7 

12.7 

15.8 

0 

D 

30,300 

11,200 

257.9 

13.0 

15.5 

39.7 

E 

27,900 

11,700 

33.0 

11.9 

15.6 

1.0 

(a) 

(b) 
(a) 

(4 

(e) 


Reference  Velocity  =  140  ft/sec. 

Heat  Input  «  300  Btu/lb  air. 

Lbs  H?0/lb  dry  air  x  100, 

Diluted  with  2-parts  $2  per  1-part  of  exliaust  gas. 
Measured  as  HO. 

Measured  as  carbon. 
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TABLE  12  (Continued) 

LATA  FOR  EFFECT  u?  FUEL-5  AND  OPERATING  VARIABLES  i)h  EHI13I0R3  (a) 

* —  ■  ■“  d  ■«•■■■»■.«  ■■  ■■■  ,  —  ■npi-w  'aiMmuii— lyiiMwiP1*1  ||  .■»»*.  ^iii  .A.  aJtm 

(Proirrass  1) 


Inlet 

Inlet 

Raw 

Scissions  ir.  Diluted 

Exhaust 

Gas 

Test 

Comb, 

Air 

Air 

Sample 

Concentration  in 

PPM  (c) 

Cond, 

Pres, , 

Temp. , 

Humid , , 

C02* 

-idp- 

(«) 

No, 

atm 

F 

<  (b) 

Fuel 

PPS 

CO? 

CO 

NO 

NO 

1!C 

7 

7.5 

800 

0.2 

A 

30,?00 

11,700 

24,2 

44.3 

4?»° 

0 

B 

30,200 

11,400 

23.5 

43.6 

4?  .6 

0 

C 

32,300 

12,100 

24,5 

47,0 

51.2 

0 

D 

31,500 

12,100 

24.5 

4?.0 

50.6 

0 

E 

28,900 

11,080 

23.0 

44.7 

48.2 

0 

8 

7.5 

800 

2.2 

A 

31 ,600 

11,700 

24.6 

35.1 

38,7 

0 

B 

30.600 

il ,400 

23.8 

32,1 

35,2 

0 

32,200 

12,100 

25.2 

34.4 

37.9 

0 

D 

31,900 

12,100 

26.5 

35.4 

3?.  9 

0 

E 

29j 500 

11 ,000 

26.5 

32.9 

35.3 

0 

9 

7.5 

800 

4.2 

A 

31 ,400 

12,120 

22.5 

25.9 

26.1 

0.2 

B 

30,900 

11,300 

21.0 

23.8 

24.6 

0 

C 

31 ,600 

11,200 

22 .4 

25.1 

26.6 

0 

D 

32 ,800 

12,100 

22.7 

25.2 

26,2 

0 

E 

29,000 

11,000 

21.0 

23.6 

25.3 

0 

10 

7.5 

1000 

0.2 

A 

31 ,200 

12,600 

19.0 

89.1 

91.4 

0 

B 

29,800 

12,100 

12.3 

88. 3 

93.3 

0 

C 

31,600 

12,700 

10.0 

96,8 

101.6 

0 

D 

31,900 

12,700 

9.5 

97.4 

101.3 

0 

£> 

28,800 

11,800 

10.0 

90.3 

96.9 

0 

11 

7.5 

1000 

2.2 

A 

30,800 

12,600 

15.7 

65.8 

68.5 

0 

B 

30,600 

12,300 

17.4 

64.7 

66.4 

0 

C 

31,500 

12,800 

15.2 

67.8 

69.8 

0 

D 

30,700 

12,300 

19.7 

68.1 

70.2 

0 

E 

28,800 

11,400 

20.1 

64.9 

67.2 

0 

12 

7.5 

1000 

4.2 

A 

31,600 

12,100 

17.9 

39.9 

42.5 

0 

B 

30,300 

11,900 

20.6 

38.3 

40.1 

0 

C 

31,600 

12 , 500 

20.8 

41.7 

42.6 

0 

D 

31,900 

12,400 

20.5 

40.9 

42.4 

0 

E 

29,800 

11,200 

20.8 

39.4 

41.3 

0 

(a)  Reference  Velocity  *  140  ft/sec. 

Heat  In^ut  -  300  Btu/lb  air, 

(b)  Lbs  H20/lb  dry  air  x  100. 

(c)  Diluted  with  2 -parts  N;>  per  1-part  of  exhaust  gas. 

(d)  Measured  as  NO, 

(e)  Measured  as  carbon. 
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TABLE  12  (Continued) 

DATA  FOR  EFFECT  up  FUELS  AND  OPERATING  VARIABLE  OK  ^HlCSlOifS  (a) 

"  (Program  l) 


Inlet  Inlet  Raw  Emissions  in  Diluted  Exhaust  Gas, 


Test 

Comb. 

Air 

Air 

Sam ole 

Concentration  in  PPM  (c) 

Cnnd . 

Pres., 

'Temp. , 

Humid., 

C0g, 

PPM 

(d) 

(e) 

Ho. 

atm 

F 

%  (b) 

Fuel 

CPo 

CO 

HO 

H0„ 

m 

13 

10.0 

400 

0.2 

A 

31,000 

11,300 

33,8 

18,9 

22.? 

1.0 

B 

30,400 

11 ,800 

35.4 

16.6 

21.3 

0 

C 

31,300 

11,800 

37.8 

16,6 

21.5 

0 

D 

32,400 

12,260 

43.6 

18.8 

22,0 

0.3 

B 

28,500 

10,800 

30.0 

16.? 

21.0 

0 

14 

10,0 

400 

2.2 

A 

30,200 

12,900 

56.4 

13.2 

15.0 

1.2 

B 

28,400 

11,000 

50.8 

11.1 

13.8 

1.2 

C 

32,800 

12,500 

59.0 

12.0 

14.3 

1.2 

D 

30,800 

13,100 

62.5 

14.4 

16.4 

1.2 

S 

29,200 

11,100 

49.9 

11.1 

14.1 

1.2 

15 

10.0 

400 

4.2 

A 

30,800 

12, 7?0 

59.7 

U.3 

11.1 

1.7 

B 

29,800 

12,600 

80.5 

10.2 

11.1 

3.5 

C 

30,600 

11,700 

65.9 

9.4 

10.6 

1.6 

D 

31,700 

12,000 

72.5 

9.8 

11.0 

1.8 

S 

28,400 

11,300 

52.8 

10.0 

10.2 

1.3 

16 

10.0 

600 

0.2 

A 

30,800 

12,800 

38.0 

31.4 

32.9 

l.o 

B 

30,100 

12,800 

35.6 

27.0 

32.1 

1.0 

C 

31,700 

13,300 

33.7 

32.5 

35.9 

1.0 

D 

31,700 

13,500 

42.3 

34.5 

3^.5 

1.0 

E 

24,500 

12,500 

27.4 

30.3 

33.7 

1.0 

17 

10.0 

600 

2.2 

A 

31,500 

13,000 

37.7 

21.9 

24.3 

1.1 

B 

30,500 

13,500 

32.7 

22.7 

23.9 

1.0 

C 

32,300 

13,300 

37.8 

21.9 

24.2 

1.0 

D 

31,700 

13,300 

38.2 

23.9 

24.1 

1,0 

E 

29,000 

12,200 

30.7 

20,1 

23.2 

1.0 

18 

10.0 

600 

4.2 

A 

31 ,ooo 

12,900 

32.7 

15.3 

16.9 

1,0 

B 

31,000 

12,600 

33.0 

13.6 

16.1 

1.1 

C 

31,900 

13,200 

34.5 

17.0 

17.5 

1.0 

D 

31,500 

13,000 

36.4 

17.4 

17.5 

1.0 

E 

29f?00 

12,000 

28.0 

15.4 

16.2 

1.1 

(a)  Reference  Velocity  =  140  ft/sec. 

Heat  Input  *  300  Btu/lb  air. 

(b)  Lbs  HgO/lb  dry  air  x  100. 

(c)  Diluted  with  2-narts  of  Ng  ner  1-part  of  exhaust  gas. 

(d)  Measured  as  HO. 

(e)  Measured  as  carbon. 
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FABLE  12  (Continued) 


DATA  FOR  EFFECT  lF 


Test 
C  orsri , 
No. 

IP 


27 


21 


22 


23 


24 


Conti. 
Pres. , 
atm 

ir.o 


10.  c 


10.0 


10.0 


FudjU  /OP  uPSRATING  VARIABLES  0N_ 
~  ( Prorram  1) 


iKIdSIUtiS  (a 


Inlet 
Air 
Term. , 

_F _ 

POO 


Inlet 

Air 

Hunici, , 

0.2 


at 


800 


2.2 


300 


4.2 


1000 


0.2 


10.0 


1000 


10,0 


l  coo 


Fuel 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 


2.2 


A  ,2 


Raw 
Samnle 
CO2 , 
PPM 

32,000 
29,300 
12 ,  f  00 
31,400 
29,100 

32.6CO 

30,600 

32,700 

32,600 

30,100 


Emissions  in  Diluted  Exhaust  uas, 


A  32,000 
B  31,400 
n  33,900 


D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

S 

A 

B 

G 

D 

E 


33,300 


O' 

29,900 


28,100 
27,000 
30,600 
3 A, 200 
2?,000 

79,900 

29,300 

30 . 500 
30,600 
23,000 

29.500 
ZQ.200 
31,000 
31  ,°co 
23,000 


CO?  . 

12 ,400 
11,300 
12  ,400 

12.300 

11.300 

12,800 

11.900 
12,800 
12,700 
11,900 

12,300 

11,800 

12,700 

12.900 
11,500 

12,200 

11,600 

12,900 

l4,?C0 

11.400 

12.400 
12,200 
12, 1C 
12,30C 
11,800 

12,700 
12,000 
12,900 
12,900 
11,600 


Tdj' — 

To) 

U) 

CO 

NO 

NGJC 

HC 

15.0 

*92 ,0 

41.3 

0.2 

14,3 

51.2 

*3.8 

0 

19.8 

52.3 

53.8 

0 

16.1 

53.0 

53.5 

0 

16.8 

48,7 

51,4 

0 

20.5 

37.6 

39.8 

0 

20.4 

36.7 

37.9 

0 

20.8 

40,8 

41.0 

0 

21.0 

41.3 

41.7 

0 

18.0 

37.7 

39.6 

0 

17.0 

25.9 

27,2 

0 

17.0 

26,0 

26.2 

0 

19.3 

28.1 

29.1 

0 

18.7 

27.5 

27.0 

0 

16.4 

26.8 

27.0 

0 

15.2 

90.2 

96.4 

1.1 

12.8 

84.4 

90.2 

1.1 

13.8 

97,1 

102.3 

1.0 

12.0 

104,0 

109.2 

1,0 

12.3 

86,6 

93.4 

1.0 

13.2 

66 .2 

69.9 

1.0 

11  ,0 

65." 

68 .7 

0 

12.1 

68.7 

72.4 

0.7 

12.4 

71.0 

73.3 

0 

12.5 

66,0 

6q.2 

0 

11.1 

48.9 

53.1 

1.0 

11,1 

46.7 

49.9 

0.7 

11.7 

51.5 

13. u 

0 

12.1 

51.3 

53.0 

0.3 

11.5 

46 , 0 

40,0 

0 

(a) 

(8) 

(c) 

(d) 
(a) 


Reference  Velocity  =  140  ft/sjec. 

I*^nut  —  300  Btu/ll  cLlt  a 

Lbs  HpO/lb  dry  air  x  100. 

Diluted  with  2-narts  N2  per  1-rat 
’•'easured  as  ?'C. 

Measured  as  carbon . 


of  exhaust  pas, 
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TABLE  12  (Continued) 

DATA  Fug,  EFFECT  OF  FUELS  AM  0P£RATl_NCL3(Miiii^  M 

- - (program  1) 


Test 

C  ond . 
No, 

Comb, 
Pres. , 
atm 

Inlet 
Air 
Temp. , 

F 

Inlet 

Air 

Humid • , 

1 i£L, 

Fuel 

Raw 

Sample 

co2, 

PPM 

25 

12.5 

400 

0.2 

A 

B 

31,500 

31,500 

B  31,500 

C  31,800 

D  33,000 
E  3o,oon 


Emissions  in  Diluted  Exhaust  Gas, 

Concentration  in  PPM  .(c) - - 

- - - (d)  (d)  (e) 


13,100  69.9 
12,600  39.5 
13,000  58.6 
13,200  60.2 
12,000  31.6 


20.? 

24, C 

1.2 

19.0 

23.3 

1.1 

21.? 

2.4.2 

1.1 

22,2 

25.3 

1.1 

18.8 

23.1 

1.1 

26  12-5  400 


2?  12.5  600 


28  12,5  600 


29  12.5  600 


30  12.5  600 


2.2  A  31.800  12,800 

B  32,100  13,100 

c  32,000  13,300 

D  32,100  13,500 

E  29,800  12,500 

4.2  A  30,500  13,200 

B  29,800  12,200 

c  30,200  11,500 

D  31.300  12,900 

E  28,200  11,800 

0.2  A  33,100  13.900 

B  30,600  13,300 

C  32,400  13,800 

D  32,800  14,100 

E  29,200  12,600 

2.2  A  30,900  13,500 

B  30,300  13,100 

c  30,900  13,100 

D  32,300  13,800 

E  28,100  12,000 

4.2  A  30,900  13,100 

B  29,800  12,600 

C  30,600  13,100 

D  32,300  13,800 

E  28,400  12,000 


49.8 

15.1 

17.3 

1.1 

55.1 

13.2 

16.1 

0 

53.7 

15.1 

16.9 

0 

55.0 

15.? 

17.1 

0 

44,6 

13.6 

16.0 

0 

60,5 

11.9 

12.2 

1.4 

62.1 

11.2 

11.6 

1.4 

61.3 

10.8 

12.5 

1.2 

66.6 

11.3 

12.8 

1.2 

52.1 

10,8 

11.8 

1.3 

25.7 

39.1 

42.5 

1.2 

25.2 

37.0 

41.0 

1.1 

26.4 

38,1 

43.0 

1.1 

26.5 

42.3 

45.1 

1.2 

25.1 

35.2 

39.2 

0.1 

43.4 

25.3 

28,6 

0 

34,2 

25.4 

28.5 

0 

46,6 

27.1 

29.6 

1.1 

45.0 

29 ,3 

31.2 

0 

43,5 

24.1 

26.7 

0 

31.0 

19.3 

20,9 

0 

34.2 

17.6 

19.4 

0 

36.3 

18.? 

20.9 

0 

39.0 

20.5 

21.3 

0 

34,5 

16.7 

18.8 

0 

(a) 


w 

(* 


-  _  .  U*n  fT/s^ec-. 

reference  +  1  -> 

Heat  I  nr-1  it  51  3®0  Btu/lb  air. 

Lbs  HoO/lb  drv  air  x  ion. 

Diluted  with  2 -parts  W2  Per  Extort  exhauSt  pas 
Measured,  as  M0. 

Measured  as  carton. 
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TABLE  12  (Continued) 


DATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  Oh  EMISSIONS  (a) 

(profTram  lY " 


Inlet 

Inlet 

Raw 

Emissions  in  Diluted 

Exhaust 

Ons  j 

Test 

Comb, 

Air 

Air 

Sample 

. Con 

centration  in 

PPM  (cl 

Cond. 

Pres . , 

Temp. , 

Humid. , 

co2, 

Id) 

(e) 

No. 

atm 

F 

*  (V) 

Fuel 

PTO 

COo 

GO 

NO 

HC 

31 

12.5 

800 

0,2 

A 

32 ,200 

12,800 

14.5 

55.6 

61.7 

0 

B 

32,200 

12 , 500 

13.4 

56.1 

60.9 

0 

C 

32,800 

13,000 

15.9 

59.5 

62.9 

1.0 

D 

32,800 

12,800 

16,4 

59.5 

62.2 

0.9 

E 

30,000 

11,900 

13.9 

54.7 

58.8 

1.0 

32 

12.5 

800 

2.2 

A 

32,400 

12,600 

13.3 

41.5 

42,2 

0 

B 

31,600 

12,300 

16.2 

37,9 

38.5 

0 

C 

32,900 

1^,500 

16.5 

39.6 

41,4 

0 

D 

32,900 

12,900 

17.1 

40.4 

41.3 

0 

E 

31,900 

12, -T. 

13.5 

36.7 

40.1 

0 

33 

12,5 

800 

4.2 

A 

33,000 

12,600 

14.9 

29.7 

30.0 

0 

B 

31,600 

12,300 

15.9 

2?  .4 

28.5 

0 

C 

32,800 

11,600 

19.1 

26.0 

26.4 

0 

D 

33,300 

11,000 

17.7 

27.1 

26.9 

0 

E 

30,900 

10,700 

14.3 

25.7 

26.3 

0 

34 

12.5 

1000 

0,2 

A 

32,200 

13,100 

12,2 

113.4 

123.5 

0.1 

B 

31,600 

12.800 

8.4 

110.3 

122.7 

0 

C 

32,200 

13,100 

9.3 

121,8 

128.2 

0.2 

D 

32,200 

13,100 

10.9 

124.3 

126.0 

0.2 

E 

29,700 

12,200 

8.1 

108,1 

114.8 

0 

35 

12.5 

1000 

2 ,2 

A 

31,000 

1? ,800 

11.2 

74,1 

78.5 

0 

B 

31,500 

12,300 

13.1 

64,4 

68.8 

0 

C 

32,700 

12,600 

12.2 

70.6 

74.2 

0 

D 

32,800 

12,900 

U,9 

73.1 

76.0 

0 

E 

29,200 

11,100 

12.9 

64.4 

70.2 

0 

36 

12.5 

1000 

4.2 

A 

32,900 

12,800 

12.3 

54.3 

56,9 

0 

B 

31,700 

12,300 

13.6 

49.3 

53.9 

0 

C 

33,100 

12 ,900 

12,0 

56.3 

58,3 

0 

D 

33,100 

13,200 

12.2 

58.2 

59.4 

0 

E 

30,400 

11,800 

12. C 

40,1 

52,7 

0 

(a)  Reference  Velocity  >*  Ido  ft/sec. 

Heat  Incut  -  300  Btu/lb  air. 

(b)  Lbs  f^O/lb  dry  air  x  100. 

(c)  Diluted  with  2-parts  N2  per  1-rart  exhaust  pas, 

(d)  Measured  as  NO. 

(e)  F^easured  as  carbon. 
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TABLE  \?  (Continued) 

DATA  FUR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  OH  EMISSIONS  (a) 

(Program  l) 


Inlet  Inlet  Raw  Emissions  In  Diluted  Exhaust. Gas, 


Test 

Comb, 

Air 

Air 

Sample 

Concentration  in  PPM  (c) 

Cond, 

Pres, , 

Temp., 

Humid . , 

CO2, 

T^T 

No. 

atm 

F 

y  (b) 

Fuel 

PPM 

C0? 

CO 

NO 

NO* 

HC 

37 

15.0 

400 

0,2 

A 

30,100 

10,500 

46.5 

22.4 

21.4 

0 

B 

30,100 

10,500 

41.6 

21.7 

21.5 

0 

C 

29,100 

10,100 

39.8 

22.2 

21.8 

0 

D 

31,000 

10,500 

51.1 

21.7 

21.2 

0 

E 

28,300 

9,500 

32.6 

22.0 

21.7 

0 

38 

15.0 

400 

2,2 

A 

29,800 

10,500 

62.8 

15.8 

16.0 

0.4 

B 

29,100 

10,200 

48.9 

15.8 

15.9 

0 

C 

29,700 

10,200 

47.2 

16.0 

16.1 

0 

D 

30,800 

10,500 

57.9 

16.1 

15.9 

0 

E 

28,400 

9,900 

43.4 

15.2 

16.0 

0 

39 

15.0 

400 

4.2 

A 

31,400 

11,000 

62.5 

12.2 

12.5 

1.6 

B 

30,800 

10,200 

63-5 

12.1 

11.7 

1.5 

C 

30,400 

10,200 

68.6 

12.0 

11.8 

1.5 

D 

31,500 

10,500 

83.8 

11.7 

11.4 

1.7 

S 

29,100 

10,200 

63.7 

11.3 

12.3 

1.5 

40 

15.0 

600 

0.2 

A 

30,300 

12,600 

33.5 

38.7 

34.5 

0 

B 

30,900 

12,500 

34.2 

36.5 

36.3 

0 

C 

29,200 

10,600 

32.7 

29.7 

33.0 

0 

D 

31,000 

7,940 

28.8 

26.9 

24.1 

0 

E 

29,000 

11,700 

30.9 

35.5 

35.8 

0 

41 

15.0 

600 

2.2 

A 

29,500 

11,480 

47.3 

25.8 

24.7 

0 

B 

30,600 

12,200 

50.0 

24.8 

25.8 

0 

C 

31,200 

12,500 

50.9 

25.6 

25.1 

0 

D 

31,600 

13,000 

56.3 

26 .4 

26.1 

0 

E 

29,800 

11,100 

41.2 

24,2 

23.8 

0 

42 

15.0 

600 

0,2 

A 

30,900 

11,800 

57.0 

17.7 

17,4 

1.0 

B 

30,600 

11,500 

53.7 

16.1 

15,7 

0 

C 

31 ,600 

11,800 

58.5 

16.6 

16.0 

0 

D 

32,300 

11,800 

61.0 

17.2 

16,4 

0 

E 

29,200 

10,800 

50.0 

16.0 

15.8 

1.0 

(a)  Reference  Velocity  ■>  140  ft  /see. 

Heat  Innut  »  300  Btu/lb  air. 

(b)  Lbs  H20/lb  dry  air  x  100, 

(c)  Diluted  with  2-parts  N2  Per  1-tart  exhaust  gas, 

(d)  Measured  as  NO, 

(e)  Measured  as  carbon. 
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TABLE  12  (Continued) 

DATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  ON  EMISSIONS  (a) 

(Program  l) 


Inlet 

Inlet 

Raw 

Emissions  In  Diluted  Exhaust  Gas, 

Test 

Comb, 

Air 

Air 

Samnle 

Concentration  in  PPM  (c) 

Cond, 

Pres. , 

Temp, , 

Humid , , 

co2f 

(3) 

w 

No, 

atm 

F 

*  M  - 

Fuel 

PPM 

COo 

CO 

NO 

NQJt 

HC 

43 

15.0 

800 

0.2 

A 

3l,ooo 

13,000 

y.'A 

61.3 

63.9 

0 

B 

31,200 

13,340 

30,7 

65.1 

68.8 

0 

C 

31,300 

13,100 

34.? 

62.7 

65.8 

0 

D 

33,400 

13,900 

36.7 

68.6 

72.1 

0 

E 

29,300 

12,300 

33.4 

58.8 

65.5 

0 

44 

15.0 

800 

2.2 

A 

30,700 

14,360 

21.1 

53.4 

50.1 

0 

B 

29,400 

12,400 

21.5 

45.3 

46.9 

0 

C 

30,700 

13,420 

22.4 

50,0 

50.1 

0 

D 

33,400 

14,100 

21.5 

51.6 

52.2 

0 

E 

29,000 

12,400 

21.5 

42.6 

43.4 

0 

45 

15.0 

800 

4.2 

A 

31,300 

12,700 

26.8 

33.2 

33.4 

0 

B 

30,000 

12,500 

32.6 

31.0 

32,7 

0 

C 

31 ,600 

12,700 

30.2 

33,6 

34.6 

0 

D 

32 ,400 

13,500 

31.1 

35.2 

36.0 

0 

E 

29,300 

11,600 

32.7 

28.8 

30,4 

0 

46 

15.0 

1000 

0,2 

A 

33,700 

14,400 

9.3 

124.8 

127.8 

0 

B 

33,200 

13,400 

9.0 

109.8 

117.7 

0 

C 

34,6oo 

14,300 

9.1 

124,2 

131.6 

1.1 

D 

33,300 

12,900 

9.3 

118.4 

126.3 

0.2 

E 

30,100 

11,900 

9.5 

110.4 

118.9 

0 

4? 

15.0 

1000 

2.2 

A 

31,100 

12,240 

13.2 

80.1 

86,0 

0 

B 

31,200 

12,200 

15.4 

73-0 

79.5 

0 

C 

32,500 

12,833 

14.7 

81,3 

86.4 

0 

D 

33,300 

12,560 

16,1 

83.8 

85.2 

0 

E 

30,600 

11,600 

14.? 

73.1 

78.1 

0 

48 

15.0 

1000 

4.2 

A 

33,000 

12,500 

10.4 

58.9 

61.5 

0.2 

B 

31, B00 

11,960 

11.4 

53.9 

57.9 

1.0 

C 

33,400 

12,560 

11.5 

58.1 

60.4 

1.0 

D 

33,ooo 

12,200 

11.4 

58.3 

58.1 

0.5 

E 

30,000 

11,400 

10.7 

53.8 

56.2 

0.6 

(a)  Reference  Velocity  •*  140  ft/sec. 

Heat  Innut  «=  300  Btu/lb  air, 

(b)  Lbs  HgO/lb  dry  air  :t  100. 

(c)  Diluted  with  2-parts  N2  ’f,er  l-TS-ft  exhaust  pas. 
(dj  Measured  as  NO, 

(e)  Measured  as  carbon. 
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TABLE  n 

DATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  Oh  EHXSSKjjtS  (a) 

(Pre  valorized  Fuels) 


Test 

Cond 

No. 

Comb, 

.  Pres., 
atm 

Inlet 
Air 
Temp. , 
F 

Heat 
Input , 
Btu/ 
lb  air 

Inlet 

Air 

Humid . , 

«  o>v 

Fuel 

Emissions  in  Diluted  Exhaust  Gas, 
Concentration  in  PPM  (c) 

"Td}  (d)  (0) 

GO,  CO  £0  ...WL-  H? 

49 

10.0 

600 

150 

0,2 

A 

7,280 

16.8 

25.0 

J'V 

2?.l 

0 

B 

7,050 

17.2 

24.3 

26,0 

0 

C 

7,280 

17.2 

25.5 

27.2 

0 

D 

7,300 

16.8 

26.1 

2?  .8 

0 

E 

7,280 

16.8 

24.0 

26.0 

0 

53 

10.0 

600 

150 

2.2 

A 

7,120 

27.6 

17.3 

17.8 

1.3 

B 

6,664 

31.7 

16.9 

17.0 

2.1 

G 

7,035 

28.9 

17.3 

18.2 

t.i 

D 

7,232 

29.2 

17.9 

18.? 

1.0 

Y. 

6,957 

29.8 

15*9 

17.2 

1.8 

57 

10.0 

600 

150 

4.2 

A 

7,099 

45.6 

11.4 

12.1 

0 

B 

6,8?4 

48.3 

11.6 

11.7 

1.3 

C 

7,029 

49.5 

11.4 

12.0 

0 

D 

7,054 

51.5 

11.9 

12.2 

0.5 

E 

6,858 

49.0 

10.6 

11.3 

1.1 

50 

10.0 

800 

150 

0,2 

A 

7,065 

17.6 

41.3 

44.3 

0 

B 

6,948 

17.2 

42.2 

44.4 

0 

C 

7,090 

17.1 

42.6 

45,7 

0 

D 

7,053 

16.3 

44.4 

47.2 

0 

E 

7.025 

17.1 

41,2 

43.9 

0 

54 

10,0 

800 

150 

2.2 

A 

6,285 

19.0 

22.0 

23.3 

0 

B 

6,063 

17.6 

21.7 

23.3 

0 

C 

6,250 

17.5 

22.9 

24,2 

0 

D 

6,189 

17.2 

23.5 

25.5 

0 

B 

6,210 

18.0 

20.9 

22.6 

0 

58 

10.0 

800 

150 

4.2 

A 

6,139 

30.8 

15.4 

16.0 

0 

B 

5,986 

35.7 

15.0 

16.5 

0 

G 

6,307 

32.8 

15.9 

17.0 

0 

D 

6,311 

34.0 

15.6 

16.9 

0 

t 

6,246 

34.0 

14,8 

15.7 

0 

(*0 

Reference  Velocity  *  140 

ft/sec . 

(bl 

Lbe  H20/lb  dry  air  x  100 

• 

Diluted 

vit-h  2 -parts  N2 

per  1-part 

of  exhaust  gas 

• 

(dj  Measured  as  HO, 

(e)  Measured  as  carbon. 
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TABLE  1 7  (Ccntirued) 

DATA  FOR  EFFECT  OF  FUELS  AMD  OPERATING  VARIABLES  OH  EMISSIONS  (&) 

("pre  vaporized  Fuels) 


Inlet 

Heat 

Inlet 

Emissions  in  Diluted  Exhaust 

Gas 

Test 

Comb. 

Air 

Input, 

Air 

Concentration  in  PPM  fcl 

Cond . 

Pres,, 

Temp, , 

Btu/ 

Humid . , 

id) 

“Tdy~ 

(e) 

No. 

atm 

F 

lb  air 

*  (b)  _ 

Fuel 

co2 

CO 

P0 

HC 

51 

12.5 

600 

150 

0.2 

A 

6,670 

10.9 

24.9 

26.0 

0 

B 

6,315 

11.4 

25.3 

26.4 

0 

C 

6,642 

10,? 

26.2 

28.0 

0 

D 

6,521 

11.6 

25.6 

26.5 

0 

E 

6,200 

12.9 

21.2 

22.6 

0 

55 

12,5 

600 

150 

2.2 

A 

6,200 

27.8 

14.2 

15.5 

1.2 

B 

6,010 

28.8 

14,0 

14.6 

0.6 

C 

6,408 

32.0 

15.3 

14.7 

1.0 

D 

6,23 6 

25.8 

16.0 

16.5 

0 

£ 

5.988 

32.1 

12.9 

13.9 

0 

59 

12.5 

600 

150 

4,2 

A 

6,039 

42.0 

10.Q 

11.4 

0 

B 

5,753 

49.1 

10.1 

10.1 

0.4 

G 

5,957 

60.I 

9.0 

11.3 

2.0 

D 

6,094 

43.6 

11.5 

11.8 

0 

E 

5,825 

67.8 

8.3 

9,0 

4.1 

52 

12.5 

800 

150 

0,2 

A 

7,010 

16.3 

45.9 

47.1 

0 

B 

6,860 

15.8 

44.0 

45.5 

0 

C 

6,776 

15.5 

47.4 

47.3 

0 

D 

7,169 

15.5 

47.8 

49.3 

0 

E 

6,845 

15.3 

43.3 

45.8 

0 

56 

12.5 

800 

150 

2.2 

A 

6,46? 

19.3 

24.9 

26.5 

0 

B 

6,348 

18.9 

24.2 

25.1 

0 

C 

6,517 

18.8 

25.0 

26.7 

0 

D 

6,561 

18.0 

25.4 

27.5 

0 

E 

6,457 

18.5 

24.0 

25.5 

0 

60 

12.5 

800 

150 

4.2 

A 

6,477 

30.2 

17.2 

18.6 

0 

B 

6,214 

31.0 

15.5 

16,7 

0 

G 

6,359 

30.1 

17.5 

17.6 

0 

D 

6,353 

28,8 

18.0 

19.3 

0 

E 

6,286 

31.0 

15.9 

17.2 

0 

Reference  Velocity  -  140  ft/sec. 

Lbs  f^Q/lh  dry  air  x  100. 

Diluted  with  2-parts  N,  per  1-part  of  exhaust  gas. 
Measured  as  NO, 

Measured  as  carbon. 
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TABLE  13  (Continued) 

DATA  FOR  EFFECT  OF  FUELS  ARP  OPERATING  VARIABLES  UK  EMISSIONS  fa) 

(Prevaporised  Fuels) 


Inlet  Heat  Inlet  Emissions  in  Diluted  Exhaust  Gas, 

Test  Comb.  Air  Input,  Air  Concentration  in  PPM  (c) 

Cond.  Pres,,  Temp.,  Btu/  Humid,,  (d)  (d) (e) 


No. 

atm 

F 

lb. air 

%.  (bl 

Fuel 

-C%. 

cp 

JjC 

nqk 

61 

11.25 

700 

225 

2.2 

A 

9,169 

27.5 

22.5 

23.2 

0 

B 

9,004 

30.0 

21.4 

22.4 

0 

C 

9,014 

36.7 

20.3 

21,8 

0 

D 

9,5&4 

27.8 

24.9 

25.1 

0 

E 

9,069 

30.0 

22.6 

23.6 

0 

66 

7.5 

700 

225 

2.2 

A 

9,344 

24.1 

18.7 

20,6 

0 

B 

9,050 

22.9 

18.2 

19.6 

0 

C 

9,374 

26.5 

19.6 

20.6 

0 

D 

9,416 

25.1 

19.5 

21.1 

0 

E 

9,190 

26.5 

19.2 

20.7 

0 

6? 

15.0 

700 

225 

2.2 

A 

8,816 

44  0 

27.0 

33.8 

0 

B 

8,643 

42.9 

25.8 

25.4 

0 

C 

8,800 

37.9 

25.8 

26.0 

0 

D 

8,659 

37.9 

27.0 

26.6 

0 

E 

8,709 

39.1 

24.4 

24.3 

0 

68 

11.25 

400 

225 

2.2 

A 

8,96? 

50.4 

12.7 

13.4 

0 

B 

8,585 

47.9 

12.0 

12.5 

0 

C 

8,395 

73.0 

11.9 

11.8 

4.7 

D 

8,566 

49.0 

13.6 

13.3 

0 

E 

8,739 

60.6 

12.0 

13.3 

1.3 

69 

11.25 

1000 

225 

2,2 

A 

8,650 

24.4 

44,7 

46.2 

0 

B 

8,511 

27.6 

43.1 

44.7 

0 

C 

8,967 

27.7 

44.9 

48,7 

0 

D 

9,023 

24.9 

47.5 

4?.3 

0 

E 

8,807 

25.0 

43.6 

45.0 

0 

64 

11.25 

700 

225 

C.2 

A 

9,446 

16,9 

34.1 

36.1 

0 

B 

8,640 

15.8 

30.5 

32.4 

0 

C 

9,272 

15.8 

34.4 

38.1 

0 

D 

9,342 

16.3 

35.6 

37.1 

0 

E 

9,178 

16.7 

34.3 

36.1 

0 

(a)  Reference  Velocity  -  140  ft/sec, 

(b)  Lbs  H20/lb  dry  air  x  100, 

(c)  Diluted  with  2-parts  N2  per  1-part  of  exhaust  gas, 

(d)  Maasured  as  NO, 

(e;  Measured  as  carbon. 
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TABLE  1*3  (Continued) 

SATA  FOR  EFFECT  uP  FUELS  AND  OflEBATIHC  VARIABLES  UN  EMISSIONS  (a) 

(Preva-Dorized  Fueled 


Test  Comb, 
Cond.  Pres,, 
No.  atm 

Inlet 
Air 
Temp,  f 
F 

Meat 
Input, 
Btu/ 
lb  air 

Inlet 

Air 

Hun  id . , 

%  (b) 

Fuel 

Emissions  in  Diluted  Exhaust  Gas 
Concentration  in  PPK  (c) 

C0-> 

CO 

w 

NO 

WT 

NOy 

Te) 

HC 

65 

11.25 

?00 

225 

4.2 

A 

9,041 

65.3 

16.4 

16.4 

0 

B 

8,841 

65.5 

15.4 

16.6 

0 

C 

9,164 

83.6 

13.7 

15.7 

1.3 

D 

8,593 

68.7 

14.2 

15.2 

0 

E 

8,910 

65.8 

15.7 

16.6 

0 

63 

11.25 

?00 

100 

2.2 

A 

4,788 . 

45.4 

22.5 

23.6 

0 

B 

4,725 

30.S 

22.4 

23.3 

0 

C 

4,849 

30.5 

22.3 

23.1 

0 

D 

4,776 

30.0 

22.2 

22.9 

0 

E 

4,796 

33.2 

21.8 

22.2 

0 

62 

11.25 

700 

350 

2,2 

A 

14,339 

44.7 

42.8 

42.5 

0 

B 

14,353 

44.0 

40,8 

44.1 

0 

C 

14,200 

52.7 

39,7 

40.0 

0 

D 

15,026 

55.5 

43.1 

43.8 

0 

E 

14,186 

48.5 

40,2 

43.2 

0 

U'] 

i  Reference 

i  Velocity  «  140  ft/sec. 

b 

1  Lbs  HoO/lb  dry  air  x  100. 

c 

1  Diluted  with  2-parts  N?  per  1-part 

of  exhaust  gas 

• 

(d) 

1  Measured 

as  NO. 

(e) 

1  Measured 

as  carbon. 
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DATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  ON  EMISSIONS  Ca’} 

(Pressure  Atomised  Fuel)  - 


Test 

Cond. 

No. 

Comb. 

Pres., 

atm 

Inlet 

Air 

Temp,, 

F 

Heat 
Input., 
Btu/ 
lb  air 

Inlet 

Air 

Humid,, 
*  (to) 

Fuel 

Emissions  in  Diluted  Exhaust  Gas,  f 

_ Concentration  in^PpM  ^c)  j 

COo  CO  NO _ NO^.  }«  | 

49 

10,0 

600 

150 

0,2 

A 

5,86? 

7.5 

18.3 

19.0 

0  | 

B 

5,930 

7.5 

17.0 

17.9 

0 

C 

5,947 

7.5 

18.1 

19.1 

0 

D 

5,918 

7.0 

19.0 

20.2 

0 

E 

5,841 

7.5 

17.0 

18.1 

o  t 

3 

53 

10,0 

600 

150 

2.2 

A 

5,678 

13.4 

11.1 

11.5 

£ 

o  i 

B 

5,503 

13.5 

10,4 

11.0 

0  J 

* 

\0 

5,711 

13.0 

11.6 

12.1 

0  i 

D 

5,8C0 

13.0 

12.0 

12.7 

o 

E 

5,600 

13.5 

10.8 

11.3 

0  ! 

i 

57 

10.0 

600 

150 

4.2 

A 

6,950 

25.9 

9.5 

10.0 

4 

0  1 

B 

6,500 

26.0 

8.4 

8.8 

o  i 

C 

6,533 

27.9 

8.5 

9.0 

0 

D 

6,550 

27.9 

8.9 

9.4 

C 

E 

6,500 

27.2 

7.9 

8.7 

0  1 

50 

10.0 

800 

150 

0.2 

A 

6,730 

6.8 

38.8 

40,0 

t 

0  * 

B 

6,120 

8.0 

34.0 

35.7 

0 

C 

6,370 

7.7 

35.6 

36.9 

0  } 

D 

6,135 

7.6 

37.5 

38.6 

0  * 

E 

6,184 

8.2 

33.8 

35.2 

0  1 

54 

10,0 

800 

150 

2.2 

A 

6,209 

11.0 

24.9 

26.2 

0  1 

B 

6,126 

12.6 

23.1 

23.9 

0 

C 

6,294 

13.0 

23.8 

25.2 

0 

D 

6,120 

11.8 

25»0 

26.3 

o  : 

E 

6,292 

12.2 

23.1 

24,0 

0 

58 

10.0 

800 

150 

4.2 

A 

6,230 

22.7 

15,6 

16.5 

0  ' 

B 

6,131 

25.8 

14.3 

14.9 

0  ! 

C 

6,286 

27.3 

15.2 

16.1 

o  ; 

D 

6,286 

27.3 

15.2 

16,1 

0  l 

E 

6,277 

27.0 

14.8 

16.8 

0  1 

(a 

(to 

w 

Id 

(e 


Reference  Velocity  «•  140  ft/sec. 

Ltoe  H20/lb  dry  air  x  100. 

Diluted  with  2-parts  N2  T>er  l-part  of  exhaust  gas. 
Measured  as  NO, 

Measured  as  carbon. 
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TABUE  14  (Continued) 

DATA  PCS  EFFECT  Of  FUELS  ASP  OPERATING  VARlABjgfi  cat  EMISSIONS  (a) 

(Pressure  Atomised' Fuel) 

Inlet  Heat  Inlet  Bislsslons  in  Diluted  Exhaust  Gas, 

Test  Comb,  Air  Input,  Air  Concentration  In  PPM  (c) 

Cond,  Pres.,  Temp,,  Btu/  Humid.,  (d) (d)  (e) 


Bo. 

atm 

F 

lb  air 

*  (b)  ... 

,  £h«1 

COjj 

CO 

-Hft- 

BO^ 

Hf? 

5i 

12.5 

600 

150 

0.2 

A 

6,900 

11.2 

22.4 

23.6 

0 

B 

6,713 

10.8 

21.2 

22.7 

0 

C 

6,950 

10.8 

22,4 

23.5 

0 

D 

6,930 

10,8 

23.1 

24.4 

0 

g 

6,850 

11.6 

20.9 

22.6 

0 

55 

12.5 

600 

150 

2.2 

A 

5,754 

13.8 

12.0 

12.2 

0 

B 

5,959 

14.4 

11.7 

11.9 

0 

C 

6,120 

14.0 

12.4 

12.7 

0 

D 

6,200 

14.0 

13.0 

12.7 

0 

B 

6,105 

14.2 

11.9 

12.1 

0 

59 

12.5 

600 

150 

4.2 

A 

6,000 

20.? 

9.5 

9.1 

0 

B 

5,750 

21.7 

8.2 

8.4 

0 

C 

6,080 

22.2 

8.5 

8.8 

0 

D 

6,050 

21.5 

9.1 

9.3 

0 

B 

5,940 

21.7 

8.2 

8.5 

0 

52 

12.5 

800 

150 

0,2 

A 

6,983 

8.1 

42.4 

42.9 

0 

B 

6,769 

8,6 

39.4 

40.4 

0 

C 

6,824 

9.0 

41.3 

43.2 

0 

D 

7,056 

8.6 

42.2 

43.8 

0 

B 

6,707 

8.8 

38,6 

40,7 

0 

56 

12.5 

800 

150 

2.2 

A 

5,555 

13.7 

23.1 

23.6 

0 

B 

5,700 

13.8 

21.0 

21.7 

0 

C 

5,900 

12.5 

22.9 

23.1 

0 

D 

5,890 

11.9 

23.4 

23.9 

0 

S 

5,592 

13.8 

20.8 

20.8 

0 

6o 

12.5 

800 

150 

4.2 

A 

5,700 

22.5 

14.4 

14,8 

0 

B 

5,500 

25.7 

13.8 

14.1 

0 

C 

5,600 

24.5 

14.9 

14.7 

0 

D 

5,550 

25.7 

15.3 

15.6 

0 

E 

6,050 

30.1 

17.5 

17.8 

0 

(a)  Reference  Velocity  «*  140  ft/sec. 

(b)  Lbs  H20/lb  dry  air  x  100. 

(ej  Diluted  with  2~parts  Fg  per  1-part  of  exhaust  «as. 
(d;  Measured  as  NO. 

(e)  Measured  as  carbon. 
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?ABI£  14  (Continued) 

BATA  FOR  TOT  OF  FUELS  AND  OPERATIHG  VARIABLES  ON  EMISSIONS  {&) 

(Pressure" 'Atomised  Fuel) 

Inlet  Keat  Inlet  Emissions  in  Diluted  Exhaust  Gas, 


Test 

Conb. 

Air 

Input, 

Air 

_ Concentration  in PPM  (c) 

Cond, 

Pres,, 

Te»p, , 

Btu/ 

Humid. , 

(d) 

(8) 

(«) 

So. 

at* 

P 

lb  air 

* 

Fuel 

cc. 

CO. ... 

SO 

»0,t 

HO 

6l 

11.25 

700 

225 

2.2 

A 

8,771 

19.7 

18.8 

20,2 

0 

B 

8,000 

18.9 

17,7 

19.3 

0 

C 

8,666 

19.9 

19.7 

20.9 

0 

D 

8,430 

20.2 

19.6 

21.2 

0 

E 

3,080 

20,8 

18,3 

19.6 

0 

66 

7.5 

700 

225 

2.2 

A 

8,600 

17.8 

16.2 

18.0 

0 

B 

8,380 

17.9 

15.8 

16.5 

0 

C 

8,489 

17.2 

15.9 

18.0 

0 

0 

9,090 

17.3 

17.4 

19.7 

0 

E 

8,357 

17.9 

15.1 

17.0 

0 

67 

15.0 

?00 

225 

2.2 

A 

9,803 

19.9 

24.3 

24.2 

0 

B 

9,364 

22.1 

21.7 

22.2 

0 

C 

9,647 

20.9 

23.5 

24.1 

0 

D 

9,903 

21,4 

24.3 

24.8 

0 

8 

9,516 

20.5 

23.4 

23.2 

0 

68 

11.25 

400 

225 

2.2 

A 

9,727 

38.0 

10.2 

11.9 

0 

B 

9,470 

36.2 

9.8 

10.4 

0 

C 

9,930 

41.5 

11.5 

11.8 

0 

D 

9,960 

40.4 

11.2 

12.0 

0 

E 

9,567 

36.5 

10.3 

11.9 

0 

69 

11.25 

1000 

225 

2.2 

A 

9,260 

15.9 

41.3 

44.4 

0 

B 

9,140 

18.0 

39.4 

41.3 

0 

C 

9,223 

17.8 

42,5 

44.4 

0 

D 

9,366 

16.3 

42.8 

44.3 

0 

E 

9,189 

16,4 

40.4 

42,6 

0 

64 

11,25 

700 

225 

0.2 

A 

9,390 

16.4 

32.6 

34.7 

0 

B 

9,420 

15.2 

31.7 

34.3 

0 

C 

9,923 

15.2 

34.4 

37.0 

0 

D 

10,000 

16.3 

34.8 

36.5 

0 

E 

9,670 

16,3 

33.5 

36*1 

0 

(a)  Reference  Velocity  «  140  ft/sac, 

(b)  Lbs  H^Q/lb  dry  air  x  100. 

(c)  Diluted  with  2-narts  Ng  per  1-part  of  exhaust  gas, 

(d)  Measured  as  NO, 

(*)  Measured  as  carbon. 
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TABLE  Ut  (Continued) 

BATA  FOR  EFFECT  OF  FUELS  AND  OPERATING  VARIABLES  OR  QjXSSIOfcSS  (a) 

(pressure  Atomized  Fuel} 


Test 

Cond. 

No. 

Comb. 
Pres. , 
at* 

Inlet 

Air 

Tear,, 

F 

Heat 
Inmrl , 
Btu/ 
lb  air 

Inlet 

Air 

Huaid . , 
<  (b) 

Fuel 

Emissions  in  Diluted.  Exhaust  Gas, 

_ £2S££B£a&9B4a  .WL  l?i. 

W  W  (e) 

CO-i  CO  WO  NQ_  HC 

65 

11.25 

700 

225 

4.2 

A 

9,134 

34.9 

15.3 

•  —  — 

15.9 

0 

B 

8,840 

36.0 

14,3 

15.4 

0 

C 

9,149 

39.0 

14.8 

15.9 

0 

D 

9,309 

39.5 

15.6 

16.3 

0 

E 

8,927 

38.1 

14.2 

15.1 

0 

63 

11.25 

700 

100 

2.2 

A 

4,830 

17.6 

15.4 

15.9 

0 

B 

4,800 

17.0 

15.0 

15.9 

0 

C 

5,066 

16.1 

16.9 

17.5 

0 

D 

4,789 

16.3 

15.2 

15.9 

0 

E 

4,990 

16.4 

17.0 

17.1 

0 

62 

11.25 

700 

350 

2.2 

A 

12,505 

30.2 

25.5 

27.6 

0 

B 

14,200 

39.3 

28.7 

30.6 

0 

C 

14,719 

41.0 

30.3 

31.7 

0 

D 

14,300 

38.6 

30.3 

31.3 

0 

E 

11,900 

27,5 

24.0 

26.3 

0 

(a)  Reference  Velocity  «  140  ft/sec, 

(b)  Lbs  H20/lb  dry  air  x  100. 

(c)  Diluted  with  2-mrts  N2  ter  1-rart  of  exiiaust  gas. 
(A)  Measured  as  NO. 

(e)  Measured  as  carbon. 
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TABLE  15 

CALCULATED  EMISSIONS  WITH  VARIATIONS  IN  FUELS  MU  OPERATING  CONDITIONS  (a) 

(program  l) 


Emission  Index, 


Test 

Cond, 

No, 

Test 

Conds, 

Test 

Fuel 

Hass 

of  Emissions . 

lbs /hr 

lbs /1000-lbs  fuel 

(b) 

K0_ 

(b) 

NO 

CO 

(c) 

HC 

N0„ 

NO 

CO 

(c) 

m 

1 

*0  T0 

H0 

A 

0.278 

0.233 

0.619 

0 

5.38 

4.52 

12,0 

0 

B 

0.275 

0,214 

0.580 

0,0006 

5.39 

4.19 

11.4 

0.01 

C 

0.275 

0.216 

0.580 

0,0060 

5.> 

4.20 

11.3 

0.12 

D 

0.277 

0.245 

0.639 

0.0044 

5.29 

4.69 

12,2 

0.08 

E 

0.272 

0.203 

0.485 

0 

5.64 

4.22 

10,1 

0 

2 

po  70 

H1 

A 

0,188 

0.14? 

0.603 

0.0043 

3.75 

2,94 

12,1 

0.01 

B 

0.172 

0.121 

0.54? 

0.0039 

3.48 

2,45 

11.1 

0.01 

C 

0.191 

0.143 

0.607 

0.0040 

3.84 

2.88 

12.2 

0.08 

D 

0.100 

0.179 

0.694 

0 

3.75 

3.53 

13.7 

0 

S 

0.188 

0.136 

0.535 

0.0042 

4,04 

2,91 

11.5 

0.09 

3 

po  To 

H2 

A 

0.15? 

0.112 

0.580 

0.0^56 

3.24 

2.31 

12.0 

0.12 

U  u 

B 

0.141 

0,101 

0.6Q2 

O.OO83 

2.94 

2.10 

14.4 

o.l? 

C 

0.150 

0.114 

0.58? 

0.0054 

3.U 

2.37 

12.2 

0.11 

B 

0.146 

0.142 

0.6?1 

0.0055 

2.96 

2.89 

13.? 

o.u 

E 

0,138 

0.129 

0.503 

0.0063 

3.04 

2.84 

11,1 

0.14 

4 

P0  T1 

H0 

A 

0.383 

0.309 

0.272 

0 

9.14 

7.38 

6.49 

0 

B 

0.353 

0.282 

0.329 

0 

8.53 

6.81 

7.95 

0 

C 

0,364 

0.284 

0.338 

0 

8.70 

6.80 

8.08 

0 

D 

0.37? 

0.325 

0.326 

0.0010 

8,95 

’’.72 

7.73 

0  .02 

E 

0.355 

0.281 

0,275 

0 

9.06 

7.16 

7.0C 

0 

5 

po  Ti 

Hi 

A 

0.235 

0.194 

0.206 

0 

5.79 

4.79 

7.28 

0 

B 

0.246 

0.195 

0.2?4 

0 

6.14 

4.85 

6.84 

0 

C 

0.258 

0.208 

0.289 

0.0034 

6.38 

5.16 

7.16 

0.08 

D 

0.254 

0.142 

1,024 

0*0337 

6.17 

3.46 

24.9 

0.82 

E 

0.240 

0,197 

0.236 

0.0034 

6.34 

5.20 

6.23 

0.09 

6 

P0  Tj 

h2 

A 

0.179 

0,148 

0.329 

0.0037 

4.55 

3.76 

8.3? 

0.10 

B 

0.1?6 

0,136 

0.252 

0.0042 

4.52 

3.50 

6.49 

0.11 

C 

0.175 

0.14O 

0.287 

0 

4.46 

3.58 

7.33 

0 

D 

0.17? 

0.149 

1,795 

0.1374 

4.45 

3.73 

45a 

3.45 

E 

o.l?3 

0.132 

0.223 

0.0034 

4.70 

3.59 

6.06 

o.ov 

(a) 

Reference  Velocity  «  140  ft/eec 

c 

Heat  Input  *  300  Btu/lb  air. 

Combustor  Pressure,  Pq  -  7,5  atm. 

Inlet  Air  Temperature,  Tq  ••  400  F,  Tj  »  600  F. 

Inlet  Air  Humidity,  Hq  *  0.2,  «■  2.2,  rl£  «  4.2  lbs  H20/lb  dry  air  x  100. 

b)  Calculated  as  NOg 
cj  Calculated  as  Carbon. 
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TABUS  l  i  (Continued) 


CALCULATED  EMISSION  WITH  VARIATIONS  IF  FUELS  ANu  OPERATING  CONDITIONS  (a) 


Test 

(Prosrram  l) 

Mass  0^  Emissions, 

lbr./hr 

Emission  Index, 
lbs /1000-lbs  fuel 

Cord.  Test 

No,  Conds, 

lest 

Fuel 

0.473 

(b) 

NO 

CO 

(0) 

HC 

Tb) 

N<V 

(b) 

NO 

CO 

Tc) 

HG 

?  P0  To  Hg 

A 

O.u-37 

0,145 

0 

13.4 

12.4 

4.13 

0 

B 

0.472 

0,432 

0.142 

0 

13.6 

12.4 

4.08 

0 

C 

0.4  8? 

0.447 

0.142 

0 

13.9 

12.7 

4,04 

0 

D 

0.4^2 

0.457 

0.145 

0 

13.8 

12.8 

4.06 

0 

E 

0.462 

0.429 

0.134 

0 

14.0 

13.0 

4,08 

0 

3  pr,  T-,  Hi 

A 

0.370 

0.336 

0.143 

0 

10.8 

9.84 

4.20 

0 

h 

0.339 

0.309 

0.140 

0 

10.0 

9,14 

4.13 

0 

C 

0,34<5 

0.31? 

0.141 

0 

10.3 

0.31 

4.15 

0 

D 

0.35? 

0.334 

0.152 

0 

10.3 

9.60 

^.3q 

0 

E 

0.335 

0.308 

0.151 

0 

10.5 

9.66 

U..79 

0 

0  Pg  T2  H2 

A 

0.234 

0.232 

0.123 

o.coo 5 

7.05 

7.01 

3.71 

0.02 

5 

0.231 

0,224 

0,120 

0 

7.08 

8.84 

3.68 

0 

C 

0.257 

0,242 

0.132 

0 

7.78 

7.34 

3.99 

0 

D 

0.239 

0,230 

0.126 

0 

7.14 

6,8b 

3.76 

0 

S 

0.230 

0.214 

0.116 

0 

n.43 

6.93 

3.26 

0 

10  po  t3  ho 

A 

0.724 

0,706 

0,092 

0 

23.8 

23.2 

3.01 

0 

B 

0.756 

0.712 

0.060 

0 

25.2 

23.7 

2.01 

0 

C 

0.795 

0.758 

0,048 

o' 

26 .2 

25.0 

1.57 

0 

D 

0.311 

0.780 

C.046 

0 

26.3 

25.3 

1.50 

0 

E 

0.754 

0.703 

0.047 

0 

26.6 

£6.8 

1.67 

0 

11  ?c  t3  h1 

A 

0.52  5 

0.504 

0,073 

0 

17.8 

17.1 

2,49 

0 

B 

0, 511 

0.498 

0.082 

0 

17.6 

17.1 

2.80 

0 

C 

0.526 

0.511 

0.070 

0 

17.9 

17.4 

2.37 

0 

D 

0.561 

0,544 

0.096 

0 

18.8 

'8.2 

3.21 

0 

E 

0.524 

0.506 

0.095 

0 

19.0 

18.4 

3 .47 

0 

12  P0  T3  H2 

A 

0.329 

0.308 

0,084 

0 

H.5 

10.8 

2.96 

0 

B 

C.309 

0.295 

0.097 

0 

11.0 

10,5 

7.42 

0 

C 

0.317 

0.310 

0.094 

0 

11.2 

10.9 

3.32 

0 

D 

0.326 

0.314 

0.096 

0 

11.3 

10.9 

3.31 

0 

E 

0.318 

0,303 

0,098 

0 

11.9 

11.4 

7.65 

0 

(a)  Reference  1 

Velocity  *•  140 

ft /sec 

Heat  Inrmt  «  300  Btu/lb  air. 

Combustor  Pressure ,  Pg  *  7.5  atm. 

Inlet  Air  Tepnerature ,  Tg  -  BOO  F,  T-,  -  1000  F. 

Inlet  Air  HwidiLy,  Hq  -  0.2.  Hj  -  2,2,  Hg  =  4,2  lbs  HgQ/lb  dry  air  x  ICO. 

(b)  Calculated  as  NOg, 

(c)  Calculated  as  Carbon. 
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TABLE  1 5  (Continued) 


CAL’ I PLATE j  EHIdSIONS  WITH  VARIATION'S  IK  FUELS  A?iu  OPERATING  GCjjDITIUNS  (a) 

Xvrni^T&K  l) 


Emission  Index, 


Test 

Mass 

of  Emis 

sions , 

lbs/hr 

lbs/1000-lbe  fuel 

Oond, 

Test 

Test 

(b) 

(*) 

(c) 

(b) 

(b) 

(e) 

No. 

Conds . 

Fuel 

NO- 

NO 

CO 

HC 

N0r 

NO 

CO 

HC 

13 

pi  T0  H0 

A 

0.453 

0.377 

0.410 

0.0061 

6.58 

5.48 

5.96 

0.09 

B 

0.39  9 

0.311 

0.404 

0 

5,86 

4.5? 

5.93 

0 

C 

0,409 

0.316 

0.438 

0 

5.96 

4.60 

6.38 

0 

D 

n.412 

0.352 

0.497 

0.0015 

A.  00 

5.04 

7.12 

0.02 

E 

0.404 

0.321 

0.352 

0 

6.28 

4.99 

A. 46 

0 

14 

P1  T0  H1 

A 

0.2  A3 

0.223 

0.579 

0,0062 

3.80 

3.35 

8.71 

0.09 

B 

0.268 

O.215 

0.600 

0,0072 

4, 06 

3.27 

9.11 

0.11 

C 

0.248 

0.208 

0.622 

0.0063 

3. 7^ 

3.14 

9.39 

0.10 

D 

0.277 

0.244 

0.643 

0.0061 

4.11 

3.61 

9.54 

0.09 

5 

0.255 

0.200 

0.5^8 

0.0067 

4.09 

3.22 

8,82 

0.11 

15 

P1  T0  ri2 

A 

0,184 

0.187 

0,603 

0.0086 

2.84 

2.89 

9.30 

0.13 

B 

0.183 

0.168 

0.806 

0.0177 

?,8A 

2.62 

12.6 

0.28 

G 

0.191 

0.169 

0.723 

0.0088 

2.96 

2.62 

11,2 

0.14 

D 

0.197 

0.176 

0.792 

O.0098 

3.01 

2.68 

12.1 

0.15 

E 

0.176 

0.173 

0.555 

0.0069 

2.91 

2.85 

9.16 

0.11 

16 

Pi  Tj  Hq 

A 

0.4?0 

0.448 

0.330 

0.0044 

8.42 

8.03 

5.92 

0,08 

B 

0.450 

0.378 

0.303 

0.0043 

8.14 

6.85 

5.50 

0.08 

G 

0.492 

0.446 

0,281 

0.0042 

8.84 

8.00 

5.05 

0.08 

D 

0.4?6 

0.476 

0.355 

0,0042 

8.41 

8.41 

6.28 

0.0? 

E 

0.454 

0.409 

O.225 

0.0042 

8.71 

7.82 

4.31 

0,08 

17 

P1  T1  H1 

A 

0.331 

0.299 

0.313 

0.0046 

6,12 

5.52 

5.78 

o.oe 

B 

0.308 

0.292 

0.256 

0.0040 

5.75 

5.46 

4.79 

0.07 

C 

0.321 

0.290 

0,305 

0.0040 

5.96 

5.39 

5.66 

0.08 

D 

0.327 

0.324 

0.316 

0.0041 

4.11 

5.92 

5.76 

0.08 

E 

0.311 

0.269 

0.250 

0.0041 

4.09 

5.32 

4,95 

0.08 

18 

Pi  T1  H? 

A 

0.225 

0,204 

0,266 

0.0043 

4.29 

3.89 

5.06 

0,08 

B 

0.215 

0J.82 

0.269 

0,0041 

4,1A 

3.50 

5.18 

0.08 

C 

0.22? 

0.220 

0.272 

0.0042 

4.34 

4.22 

5.21 

0,08 

D 

0.236 

0.234 

0.299 

0.0043 

4.43 

4.41 

5.61 

0.08 

E 

0.214 

0.203 

0.225 

0.0044 

4.36 

4. Id 

4.59 

0.09 

(a)  Reference  Velocity  *>  140  ft/sec. 

Heat  Input  «■  300  Btu/lb  air. 

Combustor  Pressure,  P|  »  10.0  atm. 

Inlet  Air  Temperature,  Tq  «•  400  F,  Tj  *  600  F, 

Inlet  Air  Humidity,  Hq  —  0,2,  •«  2,2,  H2  "  4.2  lbs  HgO/lb  dry  air  x  100 

(b)  Calculated  as  NOg. 

(c)  Calculated  as  Carbon. 
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TABLE  15  (Continued) 

CALCULATED  KMI-SIUKS  WITH  VARIATIONS  IN  FUELS  AND  (ITERATING  CONDITIONS  (a) 

(Program  i) 


Emission  Index, 

Test  Hass  of  Emissions,  lbs/hr  lbs /l 000-1 bs 


Cond.  Test 

Test 

(5) 

nrcr 

^ r 

TbT 

TB5 

No.  Conds, 

Fuel 

->'°w 

NO 

GO 

HC 

NO, 

NO 

CO 

HC 

19  Pi  T2  Hq 

A 

0.635 

0.64? 

0.114 

0.0008 

13.6 

13.8 

2.42 

0.02 

B 

0.720 

0,685 

0.120 

0 

15.5 

14.? 

2.59 

0 

C 

0,666 

0.647 

0.142 

0 

14.2 

13.8 

7.02 

0 

D 

0,653 

0.676 

0,125 

0 

14.3 

14.2 

2.63 

0 

E 

0.645 

0.612 

0.128 

0 

14.7 

13.9 

2.92 

0 

20  Pj  T2  Hx 

A 

0.464 

0.439 

0.146 

0 

10,2 

9.64 

3.20 

0 

B 

0.466 

0.451 

0.153 

0 

10.4 

10.0 

3.39 

0 

C 

0.4?? 

0.474 

0.147 

0 

10.5 

10.4 

3.24 

0 

D 

0.499 

0,494 

0.153 

0 

10,8 

10.7 

3.32 

0 

E 

0.458 

0.436 

0.12? 

0 

10.8 

10.2 

2.98 

0 

21  Pj  T2  H2 

A 

0.320 

0.305 

0.122 

0 

7.26 

6.91 

2.76 

0 

B 

0.295 

0,296 

0.118 

0 

7.22 

7.16 

2.85 

0 

C 

0.330 

0.319 

0.133 

0 

7.51 

7.25 

3.03 

0 

D 

0.308 

0.314 

0.130 

0 

6.90 

7.03 

2.91 

0 

E 

0.313 

0.311 

0,116 

0 

7.59 

7.53 

2.81 

0 

22  PX  T3  H0 

A 

1.053 

0.985 

0.101 

0,0036 

25.9 

24.3 

2.49 

0.09 

B 

1.014 

0,949 

0.088 

0.0036 

25.3 

23.7 

2.18 

0.09 

C 

1.050 

0.997 

0.086 

0.0033 

26.0 

24.7 

2.13 

0.08 

D 

1.007 

0.959 

0.067 

C.0029 

24.5 

23.3 

1 ,64 

0.07 

E 

1,004 

0.931 

0.080 

0.0034 

26.5 

24.6 

2.12 

0,09 

23  Px  T3  Hx 

A 

0,?27 

0.689 

0.084 

0.0032 

18.5 

17,5 

2.13 

0.08 

B 

0.711 

0.678 

0.075 

0 

18.3 

17.5 

1,93 

0 

C 

0,769 

0.730 

0.078 

0.0022 

19,6 

18,6 

2.00 

0.06 

D 

0.782 

0.758 

0,081 

0 

19.7 

19.0 

2.02 

0 

E 

0,696 

0.664 

0.076 

0 

19.0 

18.1 

2.08 

0 

24  P,  T-j 

A 

0.523 

0.482 

0.067 

0.0030 

13.7 

12.6 

1.75 

0.08 

B 

0.509 

0.476 

0.069 

0,0010 

13.5 

12.7 

1.83 

0.03 

C 

0.516 

0.498 

0.069 

0 

13.6 

13.1 

1.81 

0 

D 

0.523 

0.506 

0.073 

0.0009 

13.6 

13.1 

1.88 

0.02 

E 

0.486 

0.456 

0,070 

0 

13.7 

12,8 

1.95 

0 

(a)  Reference  Velocity  «=  l4o  ft/sec. 

Heat  Input  «=  390  Btu/lb  air. 

Combustor  Pressure,  *  10.0  atm. 

Inlet  Air  Temperature,  T2  -  B00  F,  T-.  *  1000  F 

Inlet  Air  Humidity,  H0  -  0.2,  Hx  »  2.2,  H2  -  4,2  lbs  H20/lb  dry  air  x  100. 

(b)  Calculated  as  N02, 

(c)  Calculated  as  Carbon, 
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TABLE  15  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  1?!  FUEL'  AKD  OPERATING  COSPITIOHS  (a) 

.'(program  l) 


Emission  Index* 


Test 

Mass... 

of  Emissions. 

Xbe/hr__ 

lbe/1 000-lbs  fuel 

Cond,  Test 

Test 

<b) 

-W" 

T4 

(6) 

(by 

(eT 

No.  Conds, 

Fuel 

A 

Nf) 

NO 

CO 

fC 

NOv 

NO 

CO 

n c 

p2  T0 

H0 

0.516 

0.445 

0.915 

0.0078 

5.99 

5*16 

10.6 

0.09 

B 

0.511 

0.41? 

0.528 

0.0074 

6,00 

4.89 

6.19 

0.09 

C 

0.523 

0.469 

0.T71 

0.0072 

6.08 

5.46 

8.97 

0.08 

D 

0.551 

0.483 

0.533 

0.0072 

6.31 

5.54 

6.10 

0.08 

E 

0.501 

0.408 

0.41? 

0 .0074 

6.21 

5.06 

5.18 

0.09 

26  P-  Tn 

H1 

A 

0.369 

0.322 

0,646 

0.0070 

4.42 

3.86 

7.75 

0,08 

A.  M 

X 

B 

0.328 

0.269 

0.684 

0 

3.98 

3.2? 

8.30 

0 

C 

0.345 

0.308 

0.668 

0 

4.16 

3.70 

8.03 

0 

D 

0.352 

0.323 

0.688 

0 

4.1? 

3.82 

8.16 

0 

S 

0.322 

0.273 

0.546 

0 

4.13 

3.51 

7.00 

0 

27  P2  T0 

*2 

A 

0.245 

0.239 

0.739 

0.0086 

3.02 

2.95 

0.12 

0.11 

B 

0.247 

0.238 

0.804 

0.0091 

3.08 

2.97 

10.0 

0.11 

C 

0.28? 

0,248 

O.856 

0.0084 

3.55 

3.07 

10.6 

0.10 

D 

0.26? 

0.236 

0.84? 

0.0076 

3.26 

2.88 

10.3 

0.09 

E 

0,244 

0.223 

O.656 

0.0083 

3.22 

2.95 

8.66 

0.11 

28  P?  T. 

H0 

A 

0.702 

0,646 

0.258 

0.0060 

10.0 

9.23 

3.69 

0.09 

B 

0.693 

0.626 

0,259 

0.005? 

10.0 

9.04 

3.75 

0.08 

C 

0.713 

0.631 

0.266 

0.0056 

10.2 

9.05 

3.81 

0.08 

D 

0.747 

0.701 

0.26? 

0.0060 

10.5 

9.89 

3.77 

0.08 

E 

0.657 

0.590 

0.256 

0.000? 

10.0 

9.02 

3.92 

0.01 

29  P2  Tj 

H1 

A 

0,467 

0.416 

0,434 

0 

6.89 

6.14 

6.41 

0 

B 

0.473 

0.421 

0.345 

0 

7.06 

6.30 

5.16 

0 

C 

0.499 

0.457 

0,4?8 

0.0056 

7.39 

6.77 

7.08 

0.08 

D 

0.510 

0.479 

0.448 

0 

7.44 

6.99 

6.53 

0 

E 

0.454 

0.409 

0.451 

0  . 

7.18 

6.4? 

7.12 

0 

30  P2  Tj 

«2 

A 

0.336 

0.310 

0,302 

0 

5.33 

4.83 

4,72 

0 

B 

0.317 

0.288 

0.341 

0 

5.00 

4.54 

5.37 

0 

C 

0.334 

0,299 

0.353 

0 

5.22 

4,67 

5.52 

0 

D 

0.330 

0.318 

0,368 

0 

5.08 

4,89 

5.66 

0 

E 

0,303 

0.270 

0.339 

0 

5.06 

4,49 

5.65 

0 

(a)  Reference  Velocity  ■  140  ft/sec. 

Heat  Input  -  300  Btu/lb  air. 

Combustor  Pressure,  P2  -  12,5  atm. 

Inlet  Air  Temperature,  Tq  °  400  F,  -  600  F. 

Inlet  Air  Humidity,  HQ  -  0,2,  Hj  -  2,2,  ’ri2  -  4.2  lbs  H20/lb  dry  air  x  100. 
(bj  Calculated  as  NQ2, 

(c;  Calculated  as  Carbon. 
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TABLE  15  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  IN  FUELS  AND  OPERATING  CONDITIONS  (a) 

(ProcraVi  l) 


Emission  Index, 

Test  Hass  of  Emissions,  lbs /hr  lbs/lOOO-^bs  fuel 


Cond,  Test 

Test 

(b5 

(b) 

~7£y~ 

Tb) 

<0 

“Tcf 

No.  Conds. 

Fuel 

NOjr 

NO 

CO 

HC 

NOjt 

NO 

CO 

HC 

31  P2  t2  h0 

A 

0.934 

0.841 

0.134 

0 

15.8 

14.3 

2.26 

0 

B 

0.925 

0.852 

0.124 

0 

15.8 

14.6 

2.12 

0 

C 

0.933 

0.882 

0.144 

0.0045 

15.9 

15.0 

2.44 

0,08 

D 

0.958 

0.917 

0.154 

0.0040 

16,0 

15.3 

2.57 

0.07 

E 

0.882 

0.820 

0.12? 

0.0046 

16.0 

14.9 

2.30 

0.08 

32  P2  Tjj  Ht 

A 

0.626 

0.615 

0.120 

0 

11.0 

10.8 

2,10 

0 

B 

0.473 

0.564 

0.147 

0 

10.2 

10.0 

2.61 

0 

C 

0.597 

0.571 

0.145 

0 

lO.o 

10.4 

2.63 

0 

D 

0,609 

0.596 

0.154 

0 

10.6 

10.3 

2.66 

0 

E 

0.561 

0.513 

0.115 

0 

10.5 

9.65 

2.16 

0 

33  P2  t2  H2 

A 

0.432 

0.42? 

0.130 

0 

7.82 

?  »?4 

2.36 

0 

B 

0.411 

0.396 

0.140 

0 

7.54 

7.24 

2.56 

0 

C 

0,410 

0.404 

0.181 

0 

?  .46 

7.35 

3.28 

0 

D 

0.451 

0.454 

0.180 

0 

8.06 

8.12 

3.23 

0 

E 

0.410 

0.401 

0.136 

0 

7.94 

7.?6 

2.63 

0 

34  p2  H 

A 

1.570 

1.441 

0.094 

0.0005 

31.0 

28.4 

1.86 

0.01 

*  j  V 

B 

1.563 

1 .405 

0,065 

0 

31.2 

28.0 

1,80 

0 

C 

1.621 

1.440 

0.072 

0.0009 

32.1 

30.5 

1.42 

0.02 

D 

1.628 

1.606 

0,086 

0.0010 

31.7 

31.3 

1 .67 

0.02 

E 

1.443 

1.359 

0.062 

0 

30.4 

28.7 

1.30 

0 

35  p2  T  H. 

A 

0,989 

0.933 

0.086 

0 

20.1 

19.0 

1.75 

0 

B 

0.884 

0.828 

0.102 

0 

18.2 

17.0 

2.11 

0 

C 

0.946 

0.900 

0.095 

0 

19.3 

18.4 

1.93 

0 

D 

0.968 

0.931 

0.092 

0 

19.4 

18.7 

1.85 

0 

E 

0.939 

0.861 

0.105 

0  . 

20.4 

18.8 

2.29 

0 

36  P,  T« 

A 

0.695 

0.633 

0.091 

0 

14.6 

13.9 

1.92 

0 

*  > 

B 

O.67I 

0,614 

0.103 

0 

14.2 

13.0 

2.19 

u 

C 

0.704 

0.680 

0.088 

0 

14.8 

14.3 

1.86 

0 

D 

0.716 

0.701 

0.090 

0 

14.8 

14,6 

1.86 

0 

E 

0.643 

0.599 

0.089 

0 

14,4 

13.5 

2.00 

0 

(a)  Reference  Velocity  •»  140 

ft/sec 

• 

Heat  Input  «  300  Btu/lb  air. 

Combustor  Pressure,  F2  *  12,5  atm. 

Inlet  Air  Temperature,’  T2  »  800  F,  T^  *«  1000  F, 

Inlet  Air  Humidity,  HQ  -  0,2,  -  212,  H2  -  4.2  lbs  HgO/lb  dry  air  x  100, 

(b)  Calculated  as  N02< 

(c)  Calculated  as  Carbon. 
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Zft.PjjL-lJi  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATION'S  in  FUELS  AND  OPERATING  CONDITIONS  (a) 

^p.roirTam 


Emission  Index, 


Test 

Hass 

of  Emissions. 

lbs/hr 

lfcs/1000- 

-lba  fuel 

Cond. 

Test 

Test 

(to 

(b) 

(c) 

(b) 

~7c T 

No* 

Conds . 

Fuel 

-JO*- 

NO 

CO 

HC 

NO 

NO 

CO 

HC 

3? 

p3  To  Ho 

A 

0.68? 

0.719 

0.909 

0 

6.6? 

6.98 

8.82 

0 

B 

0.6-76 

0.682 

0.796 

0 

6.64 

6.70 

7.82 

0 

C 

0.726 

0.738 

0.806 

0 

7. 06 

7.19 

7.84 

0 

D 

0.692 

0.708 

1.016 

0 

6,64 

6.79 

9.74 

0 

E 

0.710 

0,719 

0,649 

0 

7.37 

7.4? 

6.?4 

0 

38 

P3  T0  HX 

A 

0.498 

0.492 

1.191 

0.0042 

4.98 

4.92 

11.9 

0.04 

B 

0.500 

0.497 

0.936 

0 

5.05 

5.02 

9,45 

0 

C 

0.515 

0.512 

0.919 

0 

5.16 

5.13 

9.21 

0 

D 

0.504 

0.510 

1.118 

0 

4.97 

5.04 

11.0 

0 

E 

0.488 

0.463 

0.805 

0 

5.21 

£1  o< 

-  *  y  y 

8,60 

c 

39 

P-,  Tn  H? 

A 

0.360 

0.352 

1.099 

0.0141 

3.71 

3.62 

11.3 

0.14 

' 

B 

0.357 

0.369 

1.178 

0.0140 

3.71 

3.84 

12.3 

0.15 

C 

0.366 

0.372 

1.294 

0.0142 

3.77 

3.84 

13.4 

0.15 

D 

0.350 

0.359 

1,566 

0.0158 

3.56 

3.65 

15.9 

0.1s 

E 

0.353 

0.324 

1.112 

0.0133 

3.88 

3.56 

12.2 

0.15 

40 

P3  T1  H0 

A 

0.753 

0.845 

0.445 

0 

8.98 

10.1 

5.30 

0 

B. 

0.783 

0.787 

0.449 

0 

9.43 

9.48 

5.40 

0 

C 

0.852 

0.767 

0.514 

0 

10.2 

9,1? 

6.15 

0 

D 

0.849 

0.948 

0,618 

0 

9.99 

11.2 

7.26 

0 

E 

0.744 

0.768 

0.40? 

0 

9.88 

9.80 

5.19 

0 

41 

P3  T1  Ht 

A 

0.570 

0.596 

O.665 

0 

7.04 

7.36 

8.21 

0 

B 

0.549 

0.526 

0.648 

0 

6.86 

6.59 

8,09 

0 

C 

0.530 

0.541 

0.655 

0 

6.56 

6.70 

8,10 

0 

D 

0.540 

0.548 

0.711 

0 

6.59 

6.68 

8.6? 

0 

E 

0.523 

0.532 

0.552 

0 

6,92 

7.03 

7.29 

0 

42 

P3  Tj  Hg 

A 

0.380 

0.386 

0.75? 

0.0069 

4,82 

4.91 

9.61 

0.09 

B 

0.344 

0.353 

0.71? 

0 

4,42 

4.54 

9.21 

0 

C 

0,348 

0.361 

0.774 

0 

4.43 

4.60 

9.86 

0 

D 

0.364 

0.382 

0.824 

0 

4.57 

4.79 

10.3 

0 

E 

0.34? 

0.351 

0,668 

0.0068 

4.71 

4.7? 

9.08 

0.09 

(a)  Reference  Velocity  ■  140  ft/sec. 
Heat  Innut  «*  300  Btu/lb  air. 
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TABLE  1^  (Continued) 

calculated  emissions  with  variations  in  fuels  and  operating  conditions  (a) 

(Program  l)  ^ 


Emission  Index, 

Test  Mass  of  Emissions.  iWhr  lbs/lOOO-lba  fuel 


Cond,  Test 

Test 

Tb r 

(b) 

(c) 

~Tb) 

~W“ 

teT 

No,  Conds, 

Fuel 

HOn 

NO 

CO 

HC 

-NO 

NO 

CO 

HC 

43  p3  t2  h0 

A 

1.134 

1.091 

0.394 

0 

16.1 

15.5 

5.59 

0 

B 

1.170 

1.107 

0.318 

0 

16,8 

15.8 

4.55 

0 

C 

1.157 

1.103 

0.372 

0 

16.4 

15.7 

5.28 

0 

D 

1.222 

1,162 

0.378 

0 

17.1 

16.3 

5.29 

0 

E 

1.135 

1.018 

0.352 

0 

17.2 

15.4 

5.34 

0 

44  p_  T-  H, 

A 

0.782 

0.834 

0,200 

0 

11.4 

12.2 

2.94 

0 

B 

0.830 

0.802 

0.232 

0 

12.3 

11.9 

3.43 

0 

C 

0.833 

0.832 

0.22? 

0 

12.2 

12.2 

3.33 

0 

D 

0.845 

0.835 

0.212 

0 

12.2 

12.1 

3.06 

0 

E 

0.722 

0.708 

0.218 

0 

11.3 

11.1 

3.41 

0 

45  P3  t2  h2 

A 

0.568 

0.565 

0,238 

0 

8.63 

8.57 

4.21 

0 

B 

0.554 

0.525 

0.336 

0 

8.50 

8.05 

5.16 

0 

C 

0.58? 

0.570 

0.312 

0 

8.92 

8.66 

4,74 

0 

D 

0.58? 

0.574 

0.309 

0 

8.79 

8.59 

4,62 

0 

E 

0.522 

0,494 

0.342 

0 

8.46 

8.01 

5.54 

0 

46  P3  t3  h 

A 

1.770 

1.728 

0,078 

0 

29.2 

28,5 

1.29 

0 

J  J  V 

B 

1.718 

1.602 

0.080 

0 

28.6 

26.7 

1.33 

0 

C 

1.830 

1.72? 

0.C7? 

0,0045 

30.2 

28.5 

I.27 

0.0? 

D 

1.98? 

1.863 

0.089 

0.0011 

32.3 

30.3 

1.44 

0,02 

E 

1.836 

1.704 

0.089 

0 

32.3 

30.0 

1.57 

0 

47  P3  T3  Hj 

A 

1.361 

1.268 

0.12? 

0 

23.1 

21.5 

2.16 

0 

B 

1.238 

1.136 

0.146 

0 

21.2 

19.5 

2.50 

0 

C 

1.298 

1,222 

0.134 

0 

22.1 

20.8 

2.2b 

0 

D 

1.338 

1.316 

0.153 

0 

22.4 

22.0 

2.5? 

0 

E 

1.202 

1.124 

0.138 

0 

21.8 

20.4 

2.49 

0 

4R  P3  T3  Hg 

A 

0.924 

0.885 

0.095 

0.0011 

16.2 

15.5 

1.66 

0.02 

3 

0.890 

0,826 

0.107 

0,004? 

15.8 

14.7 

1.88 

0.08 

C 

0.899 

0,865 

0,104 

0,0045 

15.8 

15.2 

I.83 

0.08 

D 

0.910 

0,913 

0,109 

0,0023 

15.7 

15.8 

1.88 

0.04 

E 

0.851 

0,815 

0,099 

0.0027 

15.9 

15.3 

1.85 

0.05 

(a)  Reference  Velocity  »  140  ft/sec. 

Heat  Input  ■>  300  Btu/lb  air. 

Combustor  Pressure,  F-  *  15,0  atm. 

Inlet  Air  Temperature,  T2  «■  ROO  F,  T-  -  1000  F, 

Inlet  Air  Humidity,  -*'0,2,  H.  *  2<2,  H-  -  4,2  lbs  HgO/lb  dry  air  x  100, 

(b)  Calculated  as  N02. 

(c)  Calculated  as  Carbon, 
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TABLE  16 

CALCULATED  E^ISSIOHS  WITH  VARIATIONS  IK  FUELS  AND  OPERATING  COfcDITIUNS  (a) 

rPrevaporlaed  Fuels) 


Emission  Index, 


Test 

Mass 

of  Emissions, 

lbs /hr 

1 

.Wiooo. 

-lbs  fuel _ 

Cond,  Test 

Test 

(b) 

w 

(c) 

(b) 

(b) 

(eT 

No.  Conds. 

Fuel 

JLQjt. 

-ES-. 

.SO— 

JR— 

JBL- 

CO 

HO 

49  PjTFH 

A 

0.341 

0.314 

0.128 

0 

12,2 

U.3 

4.61 

0 

x  l  1  o 

B 

0.334 

0.30ft 

0.136 

0 

12.1 

11.1 

4.9 

0 

C 

0,340 

0.319 

0.131 

0 

12.2 

H.5 

4.7 

0 

D 

0.355 

0.333 

0.133 

0 

12.6 

11.0 

4.7 

0 

E 

0.316 

0.2^2 

0.127 

0 

11.5 

10.6 

4.6 

0 

S3  p.t  r  h 

A 

0.221 

0.215 

0.208 

0.0049 

8,18 

7.95 

7.72 

0.18 

XIII 

B 

0.222 

0.220 

0.251 

0.0083 

8.26 

8.22 

9.38 

0.31 

C 

0,228 

0.217 

0.221 

0,0042 

8.46 

8.04 

8.18 

0.16 

D 

0.233 

0.223 

0.222 

0,0038 

8.50 

8.14 

8.08 

0.14 

E 

0.212 

0.146 

0,224 

0.0068 

7.97 

7.36 

8.40 

0.26 

57  P.TPIL 

A 

0.146 

0.137 

0.335 

0 

5.57 

5.24 

12,8 

0 

1112 

B 

0.143 

0.142 

0.360 

0.0049 

5.50 

5.46 

13.8 

0.19 

C 

0.146 

0.138 

0,366 

0 

5.57 

5.29 

14.0 

0 

0 

0.151 

0.14? 

0.388 

0.0019 

5.67 

5.53 

14,6 

0.07 

E 

0.137 

0.128 

0.361 

0.0041 

5.30 

4.97 

14.0 

0.16 

50  P.TJ.L 

A 

0.483 

0.450 

0,11? 

0 

20.6 

19.2 

4.97 

0 

X  <L  1  0 

B 

0.482 

0,458 

0.114 

0 

20.8 

19.7 

4.90 

0 

C 

0.494 

0,460 

0.112 

0 

21.1 

19.7 

4.81 

0 

D 

0.525 

0,494 

0.110 

0 

22.0 

20.7 

4.64 

0 

E 

0.466 

0.438 

0.110 

0 

20.2 

18.9 

4.78 

0 

54  P^jTjH, 

A 

0.277 

0,262 

0.138 

0 

12.2 

11.5 

6.03 

0 

B 

0.281 

0.261 

0.129 

0 

12.5 

11.6 

5.74 

0 

C 

0.288 

0.272 

0.127 

0 

12.7 

12.0 

5.58 

0 

D 

0.313 

0.289 

0.129 

0 

13.6 

12.5 

5.5? 

0 

E 

0.263 

0,243 

0.128 

0 

11.8 

10.9 

5.70 

0 

58  P.T.F.L 

A 

O.I89 

0.182 

0.222 

0 

8.52 

8.20 

9.99 

0 

12  12 

B 

0.194 

0.177 

0.256 

0 

8.92 

8,11 

11.8 

0 

C 

0.194 

0.181 

0.228 

0 

8,80 

8.23 

10.3 

0 

D 

0.147 

0.182 

0.241 

0 

8.80 

8.12 

10.8 

0 

E 

0.176 

0.166 

0.232 

0 

8.09 

7,63 

10,7 

0 

Reference  Velocity  -  140  ft/sec. 

Combustor  Pressure,  P.  <■  10,0  atn. 

Inlet  Air  Temperature,  T,  «  600  F,  T,  -  800  F, 

Heat  Incut,  F  »  ISO  Btu/lfe  air. 

Inlet  Air  Humidity,  HQ  -  0.2,  -  2.2,  Hg  -  4,2  Its  HgO/lb  dry  air  x 


Calculated  as  NOg, 
Calculated  as  carbon. 
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TABLE  16  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  m  FUELS  AND  OPERATING  CONDITIONS  (a) 

(prevaperized  Fuels) 


Emission  Index, 


Test 

Cond. 

No, 

Test 

Conds , 

Test 

Fuel 

Hass 

of  Emissions. 

iWhr 

lWl0OO-lb6  fuel 

(l>5 

NO* 

(b) 

NO 

CO 

(4 

HC 

P 

1 

(b) 

NO 

CO 

(c) 

HC 

51 

P?T,FtHn 

A 

0.448 

0.429 

0.114 

0 

as 

12,8 

12.2 

3.26 

0 

2  110 

B 

0.4?0 

0.451 

0,124 

0 

13.6 

13.0 

3.58 

0 

C 

0,482 

0.451 

0.11°. 

0 

13.8 

12.9 

3.21 

0 

D 

0.474 

0.458 

0.126 

0 

13.4 

12.9 

3.57 

0 

E 

0.405 

0.380 

0.141 

0 

11,8 

11.0 

4.09 

0 

55 

PTFH 

A 

0.276 

0.253 

0.302 

0.0065 

8.18 

7.49 

8.93 

0.19 

2  111 

B 

0.264 

0.253 

0.31? 

0.0036 

7.8? 

7.55 

9.45 

0,11 

C 

0.253 

0.264 

0.336 

0.0052 

7.49 

?.80 

9.93 

0.16 

D 

0.298 

0,289 

0.284 

0 

8.70 

8.44 

8.28 

0 

B 

0.249 

0.231 

0.350 

0 

7.47 

6.94 

10,5 

0 

59 

P_T  F  H- 

A 

0.202 

0.193 

0.452 

0 

6.16 

5.89 

13.8 

0 

2  112 

B 

0.183 

0.183 

0.542 

0.0024 

5.6? 

5.6? 

16.8 

0.07 

C 

0.201 

0.160 

0.650 

0.0106 

6.16 

4.91 

19.9 

0.33 

D 

0,210 

0,205 

0.4?3 

0 

6.35 

6.19 

14.3 

0 

S 

0.159 

0.147 

0.730 

0.0224 

4.94 

4.56 

22.? 

0.70 

52 

PJKH. 

A 

0.650 

0.633 

0.13? 

0 

22,0 

21.5 

4.64 

0 

2  2  10 

B 

0.629 

0.608 

0.133 

0 

21.5 

20.8 

4.55 

0 

C 

0.672 

0,6?4 

0.134 

0 

22.9 

22.9 

4.56 

0 

D 

O.678 

0.65? 

0.130 

0 

22.7 

22,0 

4.59 

0 

E 

0.627 

0,592 

0,127 

0 

21.6 

20.4 

4.39 

0 

56 

P~T F.H, 

A 

0.383 

0.360 

0.170 

0 

13.4 

12.6 

5.95 

0 

2  2  11 

B 

0.362 

0.349 

0,166 

0 

12.8 

12.4 

5.88 

0 

C 

0.381 

0.357 

0.163 

0 

13.4 

12.6 

5.75 

0 

D 

0.398 

0.367 

0.158 

0 

13.8 

12,? 

5.50 

0 

E 

0.357 

0.336 

0.158 

0 

12.7 

12.0 

5.63 

0 

6o 

PjU.H, 

A 

0.259 

0.240 

0.256 

0 

9.40 

8.69 

9.29 

0 

2  2  12 

B 

0.238 

0.221 

0.269 

0 

8.71 

8.08 

9.84 

0 

C 

0.249 

0.24? 

0.2  59 

0 

9.04 

8.99 

9.42 

0 

D 

0.280 

0,261 

0.254 

0 

9.99 

9.31 

9.07 

0 

E 

0.240 

0.222 

0.263 

0 

8,81 

845 

9.6? 

0 

(a)  Reference  Velocity  «  140  ft/sec. 

Combustor  Pressure,  P ^  m  12,5  ati*. 

Inlet  Air  Temperature,  T,  *•  600  F,  T-  *  800  F, 

Heat  Input,  F.  «*  150  Btu/lb  air. 

Inlet  Air  Humidity,  Hq  «*  0.2,  -  2.2,  »  4,2  Ibe  K^O/lb  dry  air  x  ICO, 

(b)  Calculated  as  NOg* 

(c)  Calculated  as  carbon. 
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TABLE  16  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  IN  FUELS  AND  OPERATING  CONDITIONS  (a) 

(Pra vaporised  Fuels) 


Teat 

Cortd, 


66 


67 


68 


69 


64 


(a) 


b 


Emission  Index, 


Mass 

of  Emissions. J 

tbs /hr. 

lbe/1000- 

lbs  fuel 

Test 

Test 

-w~ 

TbT 

Tb) 

Tb) 

(c) 

C  oads , 

Fuel 

NO 

CO 

HC 

NO 

CO 

HC 

P.T  P  H, 

A 

0.346 

0.335 

0,250 

0 

8.29 

8,04 

5.98 

0 

4  4  2  1 

B 

0.333 

0.319 

0.272 

0 

8,07 

7.71 

6.58 

0 

C 

0.329 

0,306 

0.33? 

0 

?.9l 

7.36 

8,10 

0 

D 

0.364 

0.362 

0.246 

0 

8.61 

8.55 

5.81 

0 

E 

0.345 

0.330 

0.267 

0 

8.40 

8.04 

6.50 

0 

PnT,  F_H, 

A 

0.201 

0.182 

0.143 

0 

7.23 

6.56 

5.15 

0 

0  4  2  1 

B 

0.193 

0.180 

0.138 

0 

7.03 

6.53 

5.00 

0 

C 

0.199 

0.190 

0.156 

0 

7,19 

6.84 

5.63 

0 

D 

0.208 

0.192 

0.151 

0 

7.38 

6.82 

5.34 

0 

E 

0.199 

0.185 

0.155 

0 

7.27 

6,?4 

5.67 

0 

P-T.  P0Hh 

A 

0.696 

0.556 

0.552 

0 

12.5 

10.0 

9.94 

0 

3  4  2  1 

B 

0.523 

0.531 

0.533 

0 

9.52 

9.6? 

9.79 

0 

C 

0.535 

0.531 

0.475 

0 

9.66 

9.58 

8.5? 

0 

D 

0.569 

0.577 

0.493 

0 

10.1 

10.2 

8.76 

0 

E 

0.492 

0,494 

0.482 

0 

8.99 

9.03 

8.81 

0 

P.T  PH, 

A 

O.276 

0.261 

0.631 

0 

4.88 

4.63 

11.2 

0 

4  0  2  1 

B 

0.263 

0.253 

0,614 

0 

4.?1 

4.53 

11.0 

0 

C 

0.257 

0.259 

0.968 

0.0312 

4.5? 

4.61 

17.2 

0.56 

D 

0.291 

0,298 

0.653 

0 

5.10 

5.21 

11.4 

0 

E 

0.272 

0.245 

0.753 

0.0082 

4.89 

4.41 

13.6 

0.15 

A 

0.579 

0.561 

0.186 

0 

17.5 

16.9 

5.63 

0 

4321 

B 

0.559 

0.539 

0,210 

0 

17.0 

16.4 

6,41 

0 

C 

0.588 

0.542 

0,204 

0 

17.8 

16.4 

6.16 

0 

D 

0.580 

0.532 

0.186 

0 

17.3 

17.3 

5.53 

0 

E 

0.538 

0,521 

0.182 

0 

16.5 

16.0 

5.58 

0 

P.T,  F  H 

A 

0.539 

0.509 

0.15& 

0 

l?.f 

11.8 

3.57 

0 

4  4  2  0 

B 

0.519 

0.489 

0.154 

0 

12.2 

11.5 

3.62 

0 

C 

0.576 

0.522 

0,146 

0 

13.5 

12.2 

3. bo 

0 

D 

0.571 

0.548 

0.153 

0 

13.1 

12.6 

3.50 

0 

S 

0,539 

0,512 

0.152 

0 

12.7 

12.0 

3.58 

0 

Reference  Velocity  -  140  ft/sec. 

Combustor  Pressure,  P  -  7, 5.  P*  1 •  15.0,  Pi,  -  11  25  at®. 

Inlet  Air  Temperature,  T.  -  400rf,  T,  »  10O0.F,  »  700  F. 

Heat  Input,  =  225  Biu/lb  air* 

Inlet  Air  Huatdity,  HQ  -  0.2,  Hj  -  2,2  lbs  HgO/lb  dry  air  x  100, 
Calculated  aa  N02. 

Calculated  as  carbon. 
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TABUS  16  (Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  IK  FUELS  AND  OPERATING  CMTO  (a) 

(Prevar-orized  FuelsJ 


Test 

Cond, 

No. 

Test 

Conds. 

Test 

Fuel 

Mass 

of  Emissions. 

lbs /hr 

Emission  Index, 
Ibs/lOOO-lbs  fuel 

(*>) 

N0ff 

Tb) 

HO 

CO 

~%T~ 

B0 

Tb) 

n°m 

Tb) 

NO 

CO 

m 

65 

W2K2 

A 

0.240 

0.240 

0.581 

0 

5.92 

5.92 

14.3 

0 

B 

0.243 

0.225 

0.583 

0 

6.0? 

5.63 

14.6 

0 

C 

0.225 

0.196 

0.730 

0.0057 

5.57 

4.86 

18.1 

0,14 

D 

0.238 

0.222 

0.654 

0 

5.80 

5.41 

15.9 

0 

B 

0.238 

0.225 

0.575 

0 

5.99 

5.66 

14,4 

0 

63 

WflH, 

A 

0.298 

0.285 

0.350 

0 

16.0 

15.3 

18.8 

0 

*r  M-  U  1 

B 

0.292 

0.281 

0.235 

0 

16.0 

15.3 

12.8 

0 

C 

0.288 

0.278 

0.231 

0 

15.5 

15.0 

12.5 

0 

D 

0.296 

0.2fi7 

O.236 

0 

15.7 

15.3 

12.6 

0 

E 

0,272 

0.26? 

0.248 

0 

14.9 

14.6 

13.5 

0 

62 

WJL 

A 

O.630 

0.635 

0.404 

0 

9.71 

9.78 

6.22 

0 

4-  J  X 

B 

0.640 

0.592 

0.388 

0 

9.97 

9.23 

6.06 

0 

C 

0.597 

0.593 

0.479 

0 

g.n 

9.14 

7.39 

0 

D 

0,631 

0.621 

0.487 

0 

9.59 

9.^ 

7. 40 

0 

E 

0.628 

0.584 

0.429 

0 

9.82 

9.14 

6.72 

0 

(a)  Reference  Velocity  »  140  ft/sec , 

Combustor  Pressure,  p^  -  11.25  atm. 

Inlet  Air  Temperature,  «*  700  F. 

Heat  Input,  Fg  «•  100,  F2  «  225,  F  ■  350  Btu/lb  air. 

Inlet  Air  Humidity,  H<  -  2.2,  *  A, 2  lbs  H?0/lb  dry  air  x  100. 

(b)  Calculated  as  N02« 

(c)  Calculated  as  carbon. 
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TABLE  17 

CALCULATED  EMTS3I0K"  WITH  VARIATIONS  IN  FUELS  AND  OPERATING  CWDITIUSS  in) 

(Pressure  Atc«i*#d  Fuel)' 


Emission  Index, 


Test 

Mass  i 

of  Emissions, 

lbs/hr 

_ _ lWlOgQ-lbs  fuel 

Cond 

.  Test 

Test 

(*) 

(b) 

w~ 

(bT 

Tb) 

<c 

Not 

C  ends  4  .... 

Fuel 

A 

JBt*. 

0.297 

SO 

CO 

HC 

NO- 

10,6 

SO 

CO 

HC 

49 

P.T.F.H 

0.286 

0.071 

0 

10,2 

2.55 

0 

*110 

B 

0.2?i 

0,257 

0.069 

0 

9.82 

9-32 

2.50 

0 

C 

0.293 

0.277 

0,070 

0 

10,5 

9.98 

2.52 

0 

D 

0.319 

0.300 

0.06? 

0 

11.2 

10.6 

2.38 

0 

S 

0.2?6 

0.259 

0.070 

0 

10,0 

9.41 

2.53 

0 

53 

W1H1 

A 

0.179 

0.173 

0.12? 

0 

6.64 

6.41 

4vn 

0 

B 

0.1?4 

C.164 

0.130 

0 

6,49 

6.14 

4.85 

0 

C 

0.18? 

0.180 

0.123 

0 

6.94 

6.65 

4.54 

0 

D 

0.198 

0.187 

0.123 

0 

?.2i 

6.82 

4.50 

0 

£ 

0.173 

0,166 

0.126 

0 

6.52 

6.23 

4,74 

0 

5? 

PJM 

A. 

0.123 

0.117 

0.195 

0 

4,?1 

4.48 

7.43 

0 

1  1  1  2 

B 

0.114 

0.109 

0.205 

0 

4.39 

4.19 

7.90 

0 

C 

0.118 

0.111 

0.223 

0 

4.50 

4.25 

8.50 

0 

D 

0.126 

0.119 

0,22? 

0 

4,?2 

4.47 

8.53 

0 

E 

0.111 

0.101 

0.212 

0 

4.32 

3.92 

8.21 

0 

50 

WlHo 

A 

0.459 

0.445 

0.048 

0 

19.5 

18.9 

2.02 

0 

B 

0.440 

0.419 

0.060 

0 

19.0 

18.1 

2.59 

0 

C 

0.444 

0.429 

0.056 

0 

19.0 

18.3 

2.41 

0 

D 

0.494 

0.480 

0.059 

0 

20.8 

20.2 

2.49 

0 

E 

0.425 

0.408 

0.060 

0 

18.4 

17.7 

2.61 

0 

54 

P  T  F  H 

A 

0.316 

0.300 

0.081 

0 

13.8 

13.2 

3.54 

0 

12  11 

B 

0.285 

0,276 

0,092 

0 

12.7 

12.2 

4.07 

0 

C 

0.298 

0.281 

0.094 

0 

13,1 

12.4 

4.12 

0 

0 

0.327 

0.3U 

0.089 

0 

14.2 

13.5 

3.8? 

0 

£ 

0.276 

0,266 

0.085 

0  . 

12.3 

11.9 

3.81 

0 

58 

P,TJfA 

A 

0.192 

0,181 

0,160 

0 

8.67 

8.20 

7,27 

0 

12  12 

B 

0472 

0,165 

0.181 

0 

7.88 

7.56 

8,31 

0 

C 

0.184 

0,174 

0.190 

0 

8.37 

7.90 

8.64 

0 

D 

0.197 

0.174 

0.156 

0.193 

0 

8,80 

7.75 

8,61 

0 

£ 

0.170 

0.186 

0 

7.83 

7.21 

8.59 

0 

(a) 

Reference  Velocity  »  140 

ft/sec 

* 

Combustor  Pressure,  P,  - 

10,0  ats. 

Inlet  Air  Temperature,  T.  »  60W',  Tg  -  800F 
Heat  Input,  F.  «■  150  Btu^lb  air. 

Inlet  Air  Humidity,  HQ  -  0,2,  Ht  -  2.2,  H-  «  A, 2  ibe  HjO/lb  dry  air  x  iOO, 

b)  Calculated  as  NOg. 

c)  Calculated  as  carbon. 
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TABLE  1?  (Continued) 

CALGULATBO  BHI53IQK3  WITH  VARIATIONS  IN  FUELS  AMD  QfFERATIRG  CONDITIONS  (a) 

"  (pressure  Atomised  Fuel) 


Emission  Index, 


Test 

Maas  of  Emissions . 

ibs/hr _ 

_  iWl  000-lbs  fuel,,  .  . 

Cond, 

,  Test 

Test 

Y~ 

'“Tip 

(b) 

(e) 

So. 

Ccnds. 

Fuel 

cp 

as  ... 

JO» 

*9 

CO 

m 

51 

A 

0,393 

0.373 

0,114 

0 

11.2 

10.6 

3.24 

0 

&  1  I  u 

B 

0,380 

0.355 

0,110 

0 

11.0 

10.3 

3.18 

0 

C 

0.38? 

0,369 

0,108 

0 

11,1 

10.6 

3.10 

0 

D 

0.411 

0.389 

0,111 

0 

11.6 

11.0 

3.1? 

0 

E 

0,366 

0.339 

0.114 

0 

10,6 

9.85 

3.33 

0 

55 

P?T  F  K 

A 

0.235 

0.231 

0.162 

0 

6,95 

6.84 

4.79 

0 

£  1  1  I 

B 

0,21? 

0,214 

0.160 

0 

6,49 

6.38 

4.78 

0 

C 

0.230 

0,224 

0.154 

0 

6.80 

6.64 

4.56 

0 

D 

0.232 

0.237 

0.155 

0 

6.75 

6.91 

4.53 

0 

E 

0,213 

0.210 

0.152 

0 

6.40 

6,30 

4.57 

0 

59 

fyr  f  h 

A 

0,162 

0.170 

0.225 

0 

4.9? 

5.19 

6,88 

0 

2  112 

B 

0.153 

0.149 

0.241 

0 

4.74 

4.63 

7.45 

0 

C 

0,154 

0.149 

0.237 

0 

4.73 

4.57 

7.27 

0 

D 

0.168 

0.165 

0.237 

0 

5.09 

4.98 

7.16 

0 

E 

0.148 

0.143 

0.231 

0 

4.61 

4.45 

7.16 

0 

52 

P-T  F  H 

A 

0.595 

0.588 

0.068 

0 

20.2 

19.9 

2,32 

0 

2  2  10 

B 

0.567 

0.553 

0.073 

0 

19.4 

18.9 

2.52 

0 

C 

0.610 

0.583 

0.077 

0 

20.8 

19.8 

2.63 

0 

D 

0.612 

0.590 

0.073 

0 

20.5 

19.7 

2.45 

0 

E 

0,569 

0.540 

0.075 

0 

19.6 

18.6 

2.58 

0 

56 

P,TFH, 

A 

0.397 

0.389 

0.140 

0 

13.9 

13.6 

4.92 

0 

2  2  1  1 

B 

0.349 

0.337 

0.135 

0 

12.4 

12.0 

4.79 

0 

C 

0.364 

0.361 

0.120 

0 

12.8 

12,7 

4,23 

0 

D 

0,385 

0.377 

0.11? 

0 

13.4 

13.1 

4,05 

0 

E 

0.336 

0.336 

0,136 

0 

12.0 

12,0 

4.85 

0 

6o 

P„T,F,H 

A 

0.235 

0.228 

0.217 

0 

8,50 

8.27 

7.87 

0 

2  2  12 

B 

0.22? 

0.222 

0,252 

0 

8.31 

8.13 

9.22 

0 

C 

0,236 

0.239 

0.239 

0 

8,58 

8.70 

8.71 

0 

D 

0.259 

0.254 

0.260 

0 

9,24 

9.06 

9,27 

0 

E 

0.258 

0.253 

0.265 

0 

9.48 

9.32 

9.76 

0 

(a) 

Reference  Velocity  -  140 

ft/sec 

■ 

Combustor  Pressure,  P-  “ 

12.5  atm/ 

Ir.let  Air  Tempera t-ure ,  T,  -  600  F.  m  800  F. 

Heat  Input,  F.  «■  150  Btu/lb  air. 

Inlet  Air  Humidity,  H0  -  0,2,  Hj  -  2.2,  -  4,2  lbs  HgO/lb  dry  air  x  100, 

(b)  Calculated  as  NQ^. 

(c)  Calculated  as  carbon. 
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TABLE  17  (Continued) 

CALCULATES  EMISSIONS  WITH  VARIATIONS  IK  FUELS  AfrIJ  OPERATING  COHDITIt^S  U) 

~  f Pressure"  At  oBissed'  Fuel) 


Emission  Index, 


Heat  Input,  Fj  -  225  Btu/ 
Inlet  Air  Humidity,  Hq 
Calculated  as 
Calculated  as  carbon. 


lb  air. 

0.2,  Hi  -  2.2  lbs  HgO./lb  dry  air  x  100, 


Test 

Mass  of  Emissions. 

iWhr . 

lbs/1000- 

-lbs  fuel _ 

Cond . 

Test 

Test 

(b) 

(c) 

( W 

Tb) 

(o' 

No, 

Conds. 

Fuel 

NO- 

NO 

Cp 

HC 

NO_ 

JiO 

CO 

HC 

61 

pfeVy*i 

A 

0.315 

0.203 

0.18? 

0 

7.55 

-7.03 

4.48 

0 

**421 

B 

0.324 

0.29? 

0.193 

0 

7,84 

7,19 

4.6? 

0 

C 

0,329 

0.310 

0.190 

0 

7,90 

7.45 

4.58 

0 

D 

0.350 

0.32^ 

0.203 

0 

8.28 

7.66 

4,81 

0 

E 

0.322 

0,300 

0.208 

0 

7.82 

7.31 

5.56 

0 

66 

FJ.FJ, 

A 

0.191 

0.172 

0,115 

0 

6.86 

6.18 

4.13 

0 

0  4  2  1 

B 

0.176 

0,168 

0.116 

0 

6.40 

6,13 

4,22 

0 

C 

0.102 

0.170 

0.112 

0 

6,95 

6.14 

4.04 

0 

D 

0.201 

0.178 

0.108 

0 

7.14 

6.31 

3.82 

0 

E 

0.180 

0.160 

0.115 

0 

6.5? 

5.84 

4.21 

0 

67 

P,T|P,K, 

A 

0.449 

o.45i 

0.223 

0 

8.10 

8.13 

4.05 

0 

14  2  1 

B 

0.423 

0.413 

0.256 

0 

7.70 

7.53 

4.6? 

0 

C 

0.453 

0.442 

0.239 

0 

8.18 

7,98 

4.32 

0 

D 

0.465 

0.455 

0.244 

0 

8.25 

8.09 

4.34 

0 

E 

0.431 

0.439 

0.232 

0 

7.88 

7.94 

4.24 

0 

68 

A 

0.226 

0.194 

0.439 

0 

4.01 

3.43 

7.79 

0 

‘*021 

B 

0.199 

0.18? 

0.421 

0 

3.56 

3.36 

7,55 

0 

C 

0.218 

0.213 

0.468 

0 

3.88 

3.79 

8.32 

0 

D 

0.226 

0.211 

0.464 

0 

3.96 

3.70 

8,12 

0 

E 

0.2?3 

0.193 

0.416 

0 

4.01 

3.4? 

7.49 

0 

69 

PJFH 

A 

0.484 

0.521 

0.114 

0 

14.6 

15.7 

3,43 

0 

4  3  2  1 

B 

0.482 

0,460 

0.128 

0 

14.7 

14,0 

3.90 

0 

C 

0.522 

0.500 

0,12? 

0 

15.8 

15.1 

3.85 

0 

a 

0.524 

0.506 

0,117 

0 

15.6 

15.1 

3.49 

0 

1 

0.463 

0.488 

0.114 

0 

14.2 

15.0 

3.51 

0 

64 

A 

0.521 

0,490 

0.150 

0 

12.1 

11.4 

3.49 

0 

4  4  2  0 

B 

0.504 

0,466 

0.136 

0 

11.8 

10.9 

3.19 

0 

C 

0.524 

0.488 

0.131 

0 

12.2 

11.4 

3.06 

0 

D 

0.525 

0.500 

0.143 

0 

12.0 

11.5 

3.27 

0 

E 

0.5U 

0.475 

0.141 

0 

12.1 

11.2 

3.32 

0 

(a) 

Reference  Velocity  *■  140 

ft/sec 

• 

Combustor  Pressure,  P»  » 

7.5,  P 

3  -  15, 

.0,  p4  - 

11,25  atm. 

Inlet  Air  T 

ature,  T, 

4oof 

loon  F. 

Ti.  »  700  F. 

*r 
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TABLE  17  Continued) 

CALCULATED  EMISSIONS  WITH  VARIATIONS  IN  FUELS  AND  OPERATING  CONDITIONS  (a) 

(Pressure  Atomized  Fuel) 


Emission  Index, 


Test 

Hass  of  Emiss 

;ions . 

lbs /hr  lbs/1000-lbs  fuel 

Cond, 

,  T°st  Test 

Voj 

coy 

(b) 

TbT 

(c 

No. 

Conds,  Fuel 

NO 

NO 

CO 

HC 

nqk 

NO 

CO 

HC 

65 

F  «  A 

0.231 

0.222 

0.30B 

0 

5.70 

5.48 

7.62 

0 

^  4  2  2  B 

0.226 

0.210 

0.322 

0 

5.65 

5.25 

8.04 

0 

C 

0.230 

0.214 

0.343 

0 

5.68 

5.29 

8.48 

a 

D 

0.236 

0.226 

0.343 

0 

5.76 

5.51 

8.50 

0 

E 

0.21? 

0,204 

0*333 

0 

5.45 

5.13 

8.38 

0 

63 

tyi.PK.  a 

0.200 

0.194 

0.135 

0 

10,8 

10.4 

7.26 

0 

4  4  0  1  a 

0.19? 

0.1B6 

O.12B 

0 

10.7 

10.1 

7.00 

0 

c 

0.209 

0.202 

0.11? 

0 

11.3 

10.9 

6.38 

0 

D 

0.205 

0.196 

0.128 

0 

10.9 

10.4 

6.82 

0 

E 

0.202 

0.201 

0.118 

0 

11.1 

11.0 

6.45 

0 

62 

0,470 

0.434 

0.313 

0 

7.24 

6.69 

4.82 

0 

4  4  3  1  B 

0.449 

0.421 

0.351 

0 

7.00 

6.56 

5.4? 

0 

C 

0.457 

0,437 

0.360 

0 

7.05 

6.74 

5.55 

0 

D 

0,474 

0.459 

0.356 

0 

7.21 

6,98 

5.41 

0 

E 

0,456 

0.416 

0.290 

0 

7.14 

6.51 

4.54 

0 

(a) 

Reference  Velocity  <*  l4o 

ft/sec 

• 

Combustor  Pressure,  Pj,  - 

11,25  atm. 

Inlet  Air  Temnerature ,  T,,  «•  700  F. 

Heat  Incut,  F,  - 

100,  ?0 

-  225, 

F,  «  350  Btu/lb  air. 

Inlet  Air  Humidity,  H1  ** 

2.2,  H; 

2  -  4,; 

2  lbs 

HjjO/lb  dry 

air  x 

100. 

(6) 

Calculated  as  NOg 

m 

(c) 

Calculated  as  car 

bon. 
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9.  APPENDIX  3 


(Statistical  Analyses  of  Data) 


Appendix  ') 


9.  APPENDIX  3 

(btatistical  Analyses  of  Data) 

"he  objectives  of  this  experimental  investigation  were  to  determine 
the  Mtieots  which  differences  in  JP  fuels  and  operating  variables  have  on 
Tams  radiance  and  exhaust  emissions  of  nitrogen  oxides,  carbon  monoxide, 
unburned  hydrocarbons,  and  soot.  Five  kerosene-type  fuels  were  selected  to 
span  the  allowable  range  in  molecular  structure:  including  normal  paraffins, 
laoprrs.ffins,  cycloparaffins  and  aromatics.  Prevaporization  and  pressure 
atomization  of  fuels  introduced  to  the  combustor  were  included  to  minimize  and 
maximize  differences  in  physical  properties  of  the  fuels.  Inlet  air  humidity 
was  Included  as  an  operating  variable  in  the  investigation. 

The  experimental  investigation  was  divided  into  two  segments. 

Program  1  was  an  extension  of  the  study  conducted  in  the  previous  investiga¬ 
tion  (a)  at  four  levels  of  combustor  pressure,  four  levels  of  inlet-air  temper¬ 
ature,  three  levels  of  inlet-air  humidity  and  single  levels  of  heat  input  rate 
and  reference  velocity.  The  current  study  was  conducted  with  pressure  atomized 
rather  than  prevaporized  fuels.  The  remainder  of  the  investigation  consisted 
of  a  21  point  program  with  both  prevaporized  and  pressure  atomized  fuels  to 
evaluate  the  effect  of  heat  input  rate  as  an  operating  variable  on  flame 
radiance  and  exhaust  emissions. 

Detailed  data  obtained  during  the  current  investigation  are  presented 
in  Appendix  2  (Section  8.).  The  data  obtained  with  prevaporized  fuels  at  the 
AS  combinations  of  operating  conditions  used  in  Program  1  are  presented  in 
Tables  16,  17,  and  19  of  Reference  8  and  have  been  combined  with  the  data 
obtained  during  the  current  investigation  to  evaluate  the  effect  of  the  method 
of  introduction  of  fuel  into  the  combustor.  Analyses  of  Variance  of  data  for 
flame  radiance,  smoke  emissions,  N0X,  NO,  and  CO  emissions  for  various  combina¬ 
tions  of  operating  variables  were  made.  Values  for  unburned  hydrocarbons  were 
-'ither  zero  or  very  low  for  most  of  the  test  points  and  detailed  analyses  of 
the  data  were  not  made.  Empirical  equations  were  developed  for  each  response 
on  the  basis  of  statistically  significant  effects  and  interactions  to  use  in 
the  evaluation  of  the  data  obtained. 

Two  equations  were  developed  for  each  response  with  one  set  of 
equations  based  on  data  from  Program  1  and  the  other  set  of  equations  based  on 
a  small  program  to  evaluate  the  effect  of  heat  input  rate.  Program  1  consisted 
of  a  4  x  4  x  3  x2  experiment  with  four  levels  of  combustor  pressure  from  7.5 
to  15.0  atmospheres,  four  levels  of  inlet  air  temperature  from  400  to  1000  F, 
three  levels  of  inlet  air  humidity  from  0.002  to  0.042  pounds  of  water  per 
pound  of  dry  air  and  two  methods  of  introduction  of  fuel  to  the  combustor 
(pressure  atomized  and  prevaporized ) .  Equations  for  the  small  program  were 
based  on  a  2  x  2  x  2  x  2  x  3  experiment  with  two  levels  of  combustor  pressure 
of  10.0  and  12.5  atmospheres,  two  levels  of  inlet  air  temperature  of  600  and 
800  F,  three  levels  of  inlet  air  humidity  of  0.002,  0.022  and  0.042,  two 
methods  of  introduction  of  fuel  to  the  combustor  (pressure  atomized  and  pre¬ 
vaporized)  and  two  levels  of  heat  input  were  obtained  to  provide  a  balanced 
experiment  by  combining  data  at  a  heat  input  rate  of  150  Btu  per  pound  of  air 
in  the  small  program  with  data  at  a  heat  input  rate  of  300  Dtu  per  pound  of 
air  in  Program  1.  Program  1  with  the  wider  range  and  multiple  levels  of 
variables  provides  better  estimates  (at  fixed  heat  input)  of  the  responses 


92 


Research  and  Development  Report  6512-7} 

Appendix  3 


covered  than  the  equations  developed  for  the  small  program.  While  the  equations 
from  the  smaller  program  provide  a  measure  of  the  effect  of  heat  input  rates 
over  a  narrow  range  of  the  other  operating  variables  the  interactions  with  heat 
input  rate  complicate  the  relationships.  The  estimated  equations  are  presented 
in  Tables  IS  to  27.  Values  of  the  responses  for  each  equation  were  calculated 
at  the  extremes  of  the  ranges  of  the  operating  variables  for  the  empirical 
equations  to  provide  comparisons  of  the  effects  of  fuels  on  flame  radiance  and 
exhaust  emissions  over  a  wide  range  of  operating  conditions.  The  calculated 
values  are  presented  graphically  in  Figures  13  to  61  to  provide  comparisons  of 
the  effects  of  fuels  and  operating  variables  on  flams  radiance  and  exhaust 
^mission's. 

9.1.  Fuel  Effects 

In  all  graphical  comparisons  of  the  effects  of  fuels  on  flame  radi¬ 
ance  and  exhaust  emissions  the  fuels  have  been  listed  in  the  order  of  increas¬ 
ing  fuel  hydrogen  content.  As  shown  in  Table  3  hydrogen  content  of  the  fuels 
vary  from  13.8  per  cent  for  Fuel  D  to  15.5  for  Fuel  S. 

The  effects  of  differences  among  the  five  fuels  on  total  radiant 
energy  ere  shewn  in  Figures  13,  14,  and  15.  The  magnitude  of  the  calculated 
total  radiant  energy  varies  with  the  levels  of  combustor  pressure,  inlet  air 
temperature  and  inlet  air  humidity;  however,  the  trend  is  for  a  decrease  in 
flame  radiance  with  an  increase  in  fuel  hydrogen  content.  In  the  small  pro¬ 
gram  total  radiant  energy  with  prevaporized  fuel  at  the  low  heat  input  level 
was  very  low  and  either  did  not  change  with  fuel  hydrogen  content  or  increased 
slightly.  With  pressure  atomized  fuel  at  the  low  heat  input  level  total  radi¬ 
ant  energy  decreased  with  fuel  hydrogen  content.  At  an  inlet  air  temperature 
of  600  F  and  high  inlet  air  humidity  the  change  in  total  radiant  energy  with 
fuel  hydrogen  content  was  small. 

The  effects  of  fuels  cn  smoke  emissions  are  shown  in  Figures  16  and 
17.  At  high  levels  of  heat  input  and  low  inlet  air  temperatures  smoke  emis¬ 
sions  decreased  with  an  increase  in  hydrogen  content  of  the  fuels.  At  either 
low  lovels  of  heat  input  or  high  levels  of  inlet  air  temperature  the  level  of 
smoke  emissions  is  below  the  threshold  of  visible  smoke  (0.200)  and  fuels  have 
little  effect  on  the  level  of  smoke  emissions. 


The  relationships  between  fuels  and  NO  and  NO  emissions  are  shown 
in  Figures  18  to  23.  At  the  high  level  of  heat  Input  in  Program  1  the  small 
differences  in  emissions  are  probably  not  of  practical  significance.  With  the 
low  level  of  heat  input  and  800  F  inlet  air  temperature  and  low  inlet  air 
humidity  an  increase  in  fuel  hydrogen  content  reduces  emissions  slightly. 

The  effects  of  fuels  on  CO  emissions  are  shown  in  Figures  24,  25,  and 
26.  With  a  heat  input  rate  of  300  Btu  per  pound  of  air  and  an  inlet  air  tem¬ 
perature  of  4C0  F  CO  emissions  dacre.aso  with  an  increase  in  fuel  hydrogen  con¬ 
tent  and  fuels  have  no  appreciable  effect  on  CO  emissions  at  higher  inlet  air 
temperatures. 


Effect  of  Method  of  Fuel  Introduction  to  Combusts 


Differences  ir  total  radiant  energy  with  tha  introduction  cl  fuel  to 
ths  combustor  oy  prevap^rization  and  pressure  atomization  are  ahown  in  Figures 
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27,  28,  and  29.  In  Program  1  with  a  heat  irput  rate  of  300  Btu  per  pound  of 
air  total  radiant  energy  was  greater  with  pressure  atomized  fuel#  than  with 
pre vaporised  fuels  with  an  inlet  air  temperature  of  10-10  F  and  was  less  with 
an  inlet  air  temperature  of  400  F.  With  a  high  heat  input  rate  and  low  inlet 
air  temperature  combustion  of  the  fuel  may  have  been  delayed  and  the  point  of 
maximum  total  radiant  energy  may  have  moved  down  stream  from  the  point  of 
observation.  With  a  heat  input  rate  of  150  Btu  per  pound  of  air  total  radiant 
energy  was  greater  with  pressure  atomised  fuel  than  with  prevaporised  fuel  at 
all  of  the  combinations  of  operating  conditions  evaluated. 

Comparisons  of  the  effects  of  prevaporised  and  pressure  atomised 
fuels  on  smoke  emissions  are  shown  in  Figures  30  and  31.  At  300  Btu  per  pound 
of  air  heat  input  rate  smoke  optical  density  was  greater  with  pressure  atomized 
fuel  than  with  prevaporized  fuel  at  the  high  pressure-low  temperature  conditions. 
Smoke  optical  density  was  also  greater  with  pressure  atomized  fuel  fcr  Fuel  D 
at  the  low  temperature -low  pressure  condition.  At  the  low  pressure-low  temper¬ 
ature  conditions  for  the  other  four  fuels  with  higher  fuel  hydrogen  contents 
the  level  of  smoke  was  below  the  threshold  of  visible  smoke.  At  the  high  tem¬ 
perature  conditions  and  with  150  Btu  per  pound  heat  input  rate  the  level  of 
smoke  was  also  below  the  threshold  for  visible  smoke. 

Comparisons  of  the  effect  of  methods  of  fuel  introduction  on  N0X  and 
NO  emissions  are  shown  in  Figures  32  to  37.  The  effect  of  differences  in  the 
method  of  fuel  introduction  on  NC^  and  NO  are  minor  but  pressure  atomized  fuels 
produce  a  small  reduction  in  emissions. 

The  differences  in  CO  emissions  with  fuel  introduced  to  the  combustor 
by  pressure  atomization  or  pre vaporization  are  shown  in  Figures  38,  39,  and  40. 
In  Program  1  with  a  heat  input  rate  of  300  Btu  per  pound  of  air  and  an  inlet 
air  temperature  of  400  F  CO  emissions,  with  one  exception,  increased  with  pres¬ 
sure  atomized  fuel.  At  the  low  temperature-low  pressure  conditions  the  increase 
in  CO  emissions  became  analler  as  fuel  hydrogen  increased.  At  1000  F  inlet 
air  temperature  the  change  in  CO  emissions  was  very  small  with  a  slight  decrease 
with  pressure  atomized  fuels.  At  a  heat  input  rate  of  150  Btu  per  pound  of  air 
CO  emissions  were  lower  with  pressure  atomized  fuel  than  with  prevaporizsd  fuel 
and  the  largest  reductions  were  shown  with  the  high  inlet  air  humidity. 

9.3.  Effect  of  Inlet  Air  Humidity 

The  effects  of  inlet  air  humidity  on  flams  radiance  and  exhaust 
emissions  of  N0X,  NO,  and  CO  with  each  of  the  five  test  fuels  are  shown  in 
Figures  41  to  50.  No  statistically  significant  effect  of  inlet  air  humidity 
on  smoke  emissions  was  found  with  any  of  ths  five  fuels. 

With  one  exception,  an  increase  in  inlet  air  humidity  from  0.002  to 
0.042  pounds  of  water  per  pound  of  dry  air  decreased  total  radiant  energy. 

An  increase  in  inlet  sir  humidity  from  0,002  to  0.042  pounds  of  water 
per  pound  of  dry  air  decreased  NQ}.  and  NO  emissions.  The  decrease  in  emissions 
varied  with  fuels  and  operating  variables  with  the  magnitude  of  the  decrease 
being  from  6  to  9  pounds  of  N0X  per  1000  pounds  of  fuel.  The  range  in  humid¬ 
ities  is  from  14  to  294  grains  per  pound  of  dry  air  or  from  10  per  cent 
relative  humidity  at  76  F  to  100  per  cent  relative  humidity  at  100  F.  The 
range  in  humidities  could  be  encountered  with  seasonal  and  geographic  changes 
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and  span  the  75  grain*  of  water  per  pound  of  dry  air  that  the  Environmental 
Protection  Agency  has  adopted  as  a  standard  humidity.  It  is  apparent  that 
intake  air  humidity  is  an  important  factor  in  N0X  emissions;  however,  addition¬ 
al  data  are  needed  to  provide  a  single  correction  factor  for  adjusting  the 
level  of  N0X  emissions  to  a  fixed  level. 

In  Program  1  with  a  heat  input  rate  of  300  Btu  per  pound  of  air  the 
effect  of  an  increase  in  inlet  air  humidity  was  small  and  inconsitent  although 
In  most  comparisons  the  CO  emissions  Increased  with  an  increase  in  humidity 
over  the  range  investigated.  As  fuel  hydrogen  content  increased  the  effect  of 
humidity  on  CO  emissions  tended  to  increase.  In  the  small  program  CO  emissions 
increased  with  humidity  and  the  rate  of  increase  was  greater  with  a  heat  input 
rate  of  150  Btu  per  pound  of  air  than  with  a  heat  input  rate  of  300  Btu  per 
pound  of  air. 


Effect  of 


s rating  Variable s 


Comparisons  of  the  effects  of  inlet  air  temperature,  combustor  pres¬ 
sure,  and  heat  input  rate  on  total  radiant  energy  and  emissions  are  shown  for 
Fuel  A  and  the  comparisons  are  shown  in  Figures  51  to  61.  While  the  compari¬ 
sons  are  shown  for  Fuel  A  only,  comparisons  for  the  other  fuels  may  be  obtained 
from  the  equations  if  desired. 

In  Program  I  with  a  heat  input  rate  of  300  Btu  per  pound  of  air  an 
increase  in  inlet  air  temperature  frcm  400  to  1000  F  increases  total  radiant 
energy  and  the  rate  of  increase  was  greater  with  pressure  atomized  fuel  than 
with  pro  vaporized  fuel.  With  a  heat  input  rate  of  150  Btu  per  pound  of  air 
total  radiant  energy  decreased  with  an  increase  in  inlet  air  temperature  from 
600  to  800  F.  An  increase  in  combustor  pressure  from  7.5  to  15.0  atmospheres 
increased  total  radiant  energy  with  the  rate  of  increase  being  greater  with 
pressure  atomized  fuel  than  with  prevaporized  fuel.  An  increase  in  combustor 
pressure  in  the  small  program  from  10.0  to  12.5  atmospheres  increased  total 
radiant  energy. 

In  Program  1  smoke  optical  density  is  below  the  threshold  of  visible 
smoke  at  a  combustor  pressure  of  7.5  atmospheres.  At  15.0  atmospheres  pressure 
an  increaee  in  inlet  air  temperature  from  400  to  1000  F  decreased  smoke  optical 
density  to  below  the  threshold  of  visible  smoke.  The  rate  of  decrease  was 
greater  with  pressure  atomized  fuel  than  with  prevaporized  fuel.  In  the  small 
program  smoke  optical  density  was  below  the  level  of  visible  smoke  at  both  of 
the  temperature  and  pressure  comparisons.  In  Program  1  an  increase  in  combus¬ 
tor  pressure  from  7.5  to  15.0  atmospheres  increased  smoke  optical  density  at 
the  low  temperature  conditions  and  the  rata  of  increaee  in  sacks  optical  density 
was  greater  with  pressure  atomized  fuel  than  with  prsvaporized  fuel. 

In  Program  1  an  increase  in  inlet  air  temperature  from  400  to  1000  F 
Increased  N0X  and  NO  emissions  with  the  rates  of  increase  being  greater  at  the 
higher  pressure.  In  the  small  program  an  increase  in  inlet  air  temperature 
from  6 00  to  800  F  increased  NGX  and  NO  emissions.  Increasing  combustor  pres¬ 
sure  from  7.5  to  15.0  atmospheres  increased  NO^  and  NO  emissions  at  the  higher 
temperature  but  had  only  a  slight  effect  on  the  emissions  at  the  low  inlet  air 
temperature.  In  the  snail  program  an  increase  in  combustor  free.  10.0  to  12.5 
atmospheres  increased  NQX  and  NO  emissions  slightly. 
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An  increase  in  inlet  air  temperature  decreased  CO  emissions  in  each 
of  the  comparisons  although  the  rate  of  decrease  was  greater  in  Program  1-  In 
Program  1  a  change  in  combustor  pressure  had  only  a  small  effect  on  CO  emis¬ 
sions  at  the  high  temperature  conditions.  At  low  inlet  air  temperature  with 
prevaporized  fuel  an  increase  in  combustor  pressure  decreased  CO  emissions  and 
with  pressure  atomized  fuel  CO  emissions  decreased  with  a  small  increase  in 
combustor  pressure  and  then  increased  rapidly.  At  high  pressure  and  low 
temperature  vaporization  and  combustion  may  be  delayed  to  the  extent  that  com¬ 
bustion  is  not  completed  in  the  time  available  in  the  combustor.  In  the  small 
program  a  change  in  combustor  pressure  from  10.0  to  12.5  atmospheres  had  only 
a  email  effect  on  CO  emissions. 

An  increase  in  heat  input  rate  from  150  to  300  Btu  per  pound  of  air 
increased  total  radiant  energy  in  all  comparisons;  however,  the  rate  of  in¬ 
crease  at  low  temperature  with  pressure  atomized  fuel  was  considerably  less 
than  at  the  other  combinations  of  operating  conditions.  At  the  high  heat 
input  rate  with  low  inlet  air  temperature  vaporization  of  fuel  and  combustion 
may  have  been  delayed  and  peak  emissions  may  have  occurred  past  the  point  of 
detection  in  the  combustor.  An  increase  in  heat  input  rate  from  150  to  300 
Btu  per  pound  of  air  increased  smoke  optical  density  but  the  level  of  smoke 
was  still  below  the  threshold  of  visible  smoke  at  the  highest  level  of  heat 
input.  An  increase  in  heat  input  rate  from  150  to  300  Btu  per  pound  of  air 
decreased  NO*  and  NO  emissions  at  low  levels  of  inlet  air  humidity  and  had 
very  little  effect  at  high  levels  of  inlet  air  humidity.  The  lower  levels  of 
NC^  and  NO  emissions  with  pressure  atomized  fuel  may  have  been  due  in  part  to 
cooling  of  the  mixture  by  vaporization  of  the  fuel.  CO  emissions  were  decreas¬ 
ed  with  an  increase  in  heat  input  rate  from  150  to  300  Btu  per  pound  of  air 
except  at  low  inlet  air  temperature  with  low  inlet  air  humidity  and  pressure 
atomized  fuel.  At  the  low  heat  input  rates  CO  emissions  were  the  lowest  at 
these  conditions  but  as  the  heat  input,  rats  was  increased  a  delay  in  vapori¬ 
zation  of  a  portion  of  the  fuel  may  have  retarded  complete  combustion. 
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it  ac* tract  An  experimental  investigation  was  conducted,  using  the  Phillips  2-inch  com** 
busier  operated  under  conditions  slnulating  those  in  modern  aircraft  turbine  engines, 
to  dete  mine  the  effects  of  differences  in  JP  fuels  on  flsao  radisnea  and  exhaust 
emissions.  Kerosene-type  fuels  spanning  the  range  in  molecular  etructure  (normal 
paraffins,  isoparaffins,  cycloparaffins,  and  aromatics)  are  used  in  ths  lnvestigatior . 
Two  programs  are  included  to  provide  a  wide  range  of  operating  variables  for  evalua¬ 
tion  of  the  effects  of  fuels  on  flams  radiance  and  emissions.  One  program  covers  a 
broad  range  of  combustor  pressure,  inlet  air  temperature,  inlet  air  humidity  and  two 
methods  of  introduction  of  fuel  to  the  combustor  (prevaporitsed  and  pressure  atomised ] 
and  is  limited  to  a  single  level  of  heat  input  for  five  test  fusls.  Ths  other  pro¬ 
gram  covers  a  range  of  heat  input  rates  but  is  limited  in  range  of  inlet  air  temper¬ 
ature  and  combuetor  pressure. 

Empirical  equations  are  developed  for  each  of  five  responses  for  ths  two 
programs.  Values  are  calculated  for  the  responses  of  the  estimates  equations  at 
the  extremes  of  the  ranges  of  the  operating  variables  used  in  developing  the  equatloi s 
The  data  obtained  are  presented  in  graphical  form  and  provide  visual  comparisons  cf 
tho  effects  of  fuels  and  operating  variables  on  flams  radianos  and  exhaust  amissions 
of  smoke,  N0X,  NO,  and  CO.  Ths  measured  values  of  unburned  hydrocarbons  in  this  In¬ 
vestigation  were  eithsr  aero  or  very  low  and  detailed  analyses  of  the  effects  of 
fuels  and  operating  variables  on  unburned  hydrocarbons  is  not  presented. 

Conclusions  are  presented  as  to  the  effects  of  fusls,  prevaporised  vs 
pressure  atomised  fuel,  inlet  air  humidity,  inlet  air  temperature,  combustor  pressure 
and  heat  input  rats  on  flams  rsdiance  and  •missions  of  snake,  NO*,  NO,  and  CO. 
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